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PART 1. 



CHAPTER XV. 

PHOSPHORUS— PHOSPHORIC ACID — ^PHOSPHOROUS ACID— PHOSPHATES. 



SECTION I. 

Phosphorus. 

I. PHOSPHORUS is an inflammable substance, and is distin- 
guished bj the folio witig external characters. 

(a) It has generally a flesh-red colour, but, when carefully puri- 
fied, may be obtained colourless, and perfectly transparent. Its 
specific i^avity is 1.77. 

(b) It IS so soft that it readily yields to the knife. 

(c) It melts at about 90° Fahrenheit, and boils at 550°. When 
melted, it must be covered with water, in order' to prevent it from 
inflaming. 

(d) In the atmosphere it emits a white smoke, and a peculiar 
smell; and a faint and beautiful light arises from it; but tiiese ap- 
pearances do not take place in the air which h^s been artificially 
dried. 

II. Phosphorus is inflamed by the application of a very gentle 
heat. According to Dr. Higsins, a temperature of 60° is sufficient 
to set it on fire, when perfecUy dry. It burns when heated to about 
148°, with a very brilliant light, a white smoke, and a suffocating 
smell, and may even be inflamed in an atmosphere rarefied sixty 
times. 

1. It may be set on fire by friction. Rub a very small bit be- 
tween two pieces of brown paper; the phosphorus wdl inflame, and 
will set the paper on fire also. 

2. In oxygen gas it bums with a very beautiful light; and abo 
in nitrous oxide, and chlorine gases. 
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III. Pliusplioims is voliilile st 530°. HencK il may he raised by 
distillatiun: but, to prevent its taking fii"e on the application of 
heat, the [Ctort should nreviously be fiVletl with axotic or hydrt^eii 
gas, and llie mouth of Ate rcl«rt be immerBeJ ia water. 

To accomplish this, tlie (]uantity ol' pliosphorus, which it is ia- 
' tenUed to rectify, should first be put into the retort, with a suffi- 
cient portion ot" water to cover it. The water must then be made 
hot enough to melt the phosphoros, which, on cooling, forms a com- 
pact imies, of the shape of the bottom of the retoi't When cold, 
fill th* retort, awl its neck also, with water, and invert it in wa- 
ter. Displace the wjtei' by hydrogen gas, forced from a bladder 
through a bent pipe ; keep tiie finger on the open end of the retort 
tieck; place it in a sand bath; and immei-se the mouth of it in wa- 
ter. Then apply iicat very cautiously. A bladder should also be 
Erovided, furnisheil with a stop-cock and brass pipe, and filled with 
ydnwen sis. Durius the distillation, the gas, in the retort, is ab- 
sorben, ami it is necessai-y to add more fi'om the bladder, otherwise 
tlie water will msh into the retort, and occasion an explosion. By 
distillafinn, in this mode, phosphorus is rendered much purer. In 
the neck of the retort a substance is condensed of a beautiful red 
or carmine colour, which is a combination of carbon and phosphorus, 
or a phosphuret of carbon, Hienard observes that phosphorus, 
however frequently distilled, cannot be freed entirely from char- 
coal, a minute quantity of which tloea not impair its whiteness or 
transparency. 

The only information, which we possess, respecting llie nature 
of phosphorus, is derived from the electro-chemical researches of 
Sir H. Davy. When acted upon by a battery of 500 pairs of plates 
in the same manner eji sulphur, ^as was produced in considerable 
quantities, and the phosphorus became of a deep red-brown colour. 
The gas proved to be phosphu vetted hydn^en, and was eaual in 
bulk to about four times the phosphorus employed. Hence hydro- 
eeo may possibly be one of its components; but no confirmation of 
Ste truth of this view is derived from the recent experiments of 
the same philosopher, which, indeed, are rather contradictory to it. 

IV. Phosphorus maybe uxygettized in various mo<le!4.* 

(q) By exposure to almosphertc »ir. Let a stick of phosphorus 
lie placed in a funnel, the pipe of which terminates in an empty 
bottle. The phosphorus will be slowly oxygenized, and, after some 
time, will be chan^ into an acid, which wdl fall into the bottle in 
a liquid statu. 

A large quantity of acid may be (rf)tajned, if a number of sticks 
be thus exposed: and an they would be in danger of taking Grc, if 
heaped together, each stick aliould be enclosed in a t^lass tube, of 
rather latter diameter than itself. These tubes must be disposed 
round a funnel, die pipe of which terminates in a boHle. The whole 
should be covered by a bell-shaped receiver, tiie aii' of which is to 

vl. 134. Theii- 



s trequcntly changed. Tlie aeitl thus obtn'med is a mhfiire o{ 
r »hoapkaraus and pliospkoric acids, &c. Dulon^ indeed, buliuvcH 
it to be a distinct compound, for which lie hRs praposed tlie name of 
phosphatic acid," But tbu view of its composition id not supported 
by the recent investi^tions of Sir H. Davy, who etili cuusiOcrs it 
as B mixture of tlie two well-known acids of phosphorus. 

When phosphorus ia burnt in higlily rarefied air, tliree products 
are formed — a red solid comparatively fixed, and rct^uirins a heat 
above 213° for its fusion — ji white and easily volatile sudsIadcc, 
which is combustible, soluble in water, anil has acid properties— 
and a substance, which is strongl^cid and nut volatile, even at a 
white heaf. The first appears to be a mixture of unlturiied phos- 
phorus and phosphorous ai:id; the second to be phosphorous acid; 
iiod the tliii-d to be phosphoric acid. 

(i) Phosphorus inflames vividly in oxygen gas. When burnt in 

tliis manner, every hundred parts of phosphorus, according to I^a- 

voisier, gain an ailditlon of 154. This result scarcely differs from 

"^e ori^nal one of Sir H. Davy, who has stated tliat UK) grains of 

iMphorus condense 450 cubic inches or 153 grains of oxygen gas; 

. It h&ving lately examined the subject anew, witli every atlcntiun 

It the accuracy of his results, and with the advantage of impraved 

bods of operating, he finds that taking an avei-a^ of three «x- 

ments, 100 gi-ains of phosphorus condense 135 grains of oxygen. 

I this estimate, 100 cubic mches of oxygen gas are asBumed tu 

t-!#eigh 33,9 grains, the barometer being at 26.8 inches, and Faliren- 

"irit^ theimometer at from 46° to 49". 

(c) By the nitric acid. If phosphoras be cautiously added, by ft 

little at once, to nitric acid, heated in a retort, the nitric acid is de« 

composed, and its oxygen, uniting with the phosphorus, constitutes 

"ihosdioric acid. A tubulated retort must be used for this |>nrpose; 

'~d its neck may terminate in the apparatus already described for 

Dcuring nitric acid. By tliis contrivance a considerable quantity 

f nitric acid will be saved. The liquid, remaining in (he letort, 

—^JKy be heated in an open capsule to a thick consistence, in order 

L'^ expel the reduitdant niUic acid. 
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SECTION II. 
Phosphoric Acid. 

I. To prepare tliis acid, the process b or e, sect. i. may bo eiu- 
ployed ; but tlie following is tlie most economical method. 

On 20 pounds of bone, calcined to whiteness and finely powder- 
ed, pour 20 quarts of boiling water, and add eight pounds of sul- 
filmric acid, diluted witJi an equal weight of water. Let these ma- 
terials be well sliiTpd togetJier, and be kept in mistnrr abouf ^'1 

■ Phil. Stag, slviii. 5-1 



PHOSPHORIC ACID. 



il bas; of ^^4^^! 
2 the clear W^T^ 
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hours. Let the whole mass be next put into a conical b 
cientlj porous and strone linen, in order to separate tj 
quor, and let it be washed with water, till the water cea 
much acidity to the taste. Evaporate the strained liquor in earthen 
vessels placed iti a sand-heat, and, when reduced to about half its 
bulk, let it cool. A white sediment will form in considerable quan- 
tity, which must be allowed to subside; the clear solution must be 
decanted, and boiled to dryness in a ^lass vessel. A white mass, 
will remain, which ia the dry phosphoric acid. This may be fused 
in a crucible, and poured out in a clean cupper dish. A transparent 
glass is obtained, whicli is the phosphoric acid in a glacial state; 
not, however, perfectly pme, butconfaining sulphate and phosphate 
of lime. — According to Fourcroy and Vauquelin, it Is, in fact, a su- 
per-phosphate of lime, containing, in 100 parts, only 30 of uncora- 
bined phosphoric acid, and 70 of neutral phosphate of lime. The 
glacial acid, however, may be prepared from perfectly pure phos' 
phoric acid, which has been made by acting on phosphorus with ni- 
tric acid. It is reniai'kable that, accoiiling to the CEperiments of 
Berthier, it contains at least one-fourth its weight of water, a pro* 
portion which could scarcely be: expected in so hard a substance. 

To procure the phosphoric acid in quantity, and at the same time 
perfectly pore, the oxygenation of phosphorus by nitric acid is the 
most eligible process (e, of the preceding article). The acid may 
be evaporateJ to dryness in a glass capsule; aud the dry mass, 
when fused, aUbrds glacial phosphoric acid. 

II. The phosphoric acid has the following properties: 
(aj When pure it dissolves readily in water. That obtained im- 
mediately from bones is rendered insoluble by the admixture of 
earthy salts. But the glacial acid prepared witli nitric acid is 
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oluble. 



(b) It is not volatile, nor capable of bein^ decomposed by heat 
only, nor does it emit any smell when heated. 

(e) It is composed, acconling to the experiments of Rose on the 
combustion of phosphorus in oxygen gas, (tlie correctness of 
is admitted by Dr. Wollastou, inTiis table of equivalents,] " 



Phosphori 
Oxygen 
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Dulong investigated llic composition of phosphoric acid, by find- 
ing how much chlorine is absodicd by phosphorus previously com- 
bined with a base. He then deduced tlie oxygen, from tlie quantity 
known to be the erjiiivalent of the chlorine, wiiich had disappeared. 
In this way, he intimates tlic composition of phosphoric fo be — 

Phosphorus 44.48 . . . 100. 

Oxygen 55.52 . . . 1 24.8 



Berzclius, by a still more cnmplirated process, obtaineil results, 
the avei-a^ of which [^ves 100 phospiionts to 127.5 osygen.' 

But if 2^5 pails of ))hnRphoi'ic aci<l, as ap[>eai-s fi-oni the recent 
experiments of Sir H. Dnvy, consist of 100 phosphorus, aud 155 
vtyeieD, lOt) gi*airis must cot)iain 
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This wouli! very nearly agree with the notion, that pliosphoric 

id is constituted of one atom of phosphorus, weighing II, T, and 
_ Wo atoms of osygen = 1 S, and the weight of tlie atom of phosphn- 
fjte acid will, therefore, be 26.1, or in round numbers S6. 
•^J) When distilled in an earlliern retort with powdered char- 
dmI, phosphoric acid is decomposed; its oxygen, uniting with tite 
rarbon, forms carbonic acid, tatd the phosphorus rises iu a separate 
jstate. Thisis tlie usual and best mode of obtaining phosphorus. 

Tlie phosphoric acid of bones may either be employed for this 
purpose in die state of glass, finely powdered, and mtsed with it? 
weight of pulverized charcoal; or to the evaporated acid, when ac- 
quiring a thick consistence, powdered charcoal may be added, in 
sufficient c[uantity, to give it solidity. In the latter mode, however. 
the materials are apt to swell, and to boil over. The mixture of 
ftcid and charcoal is to be put in a stone-ware retort, coated with 
"Willis's lute, the neck of which i* lengtliened out by a tin pipe. 
The open end of the pipe is to he immersed in a vessel of water. 
The heat is to be slowly raised, and at length made very intense. 
An enormous quantify of gas escapes, which takes _fire on cominc 
nto contact with the atmosphere; and the phosphorus distils over . 
in drops, wiiich congeal in the watej-. As it is apt also to condense 
il to stop up, the neck of the retort and tin pipe, it must be 
Qixasiosally melted out of these, by a shovel full of hot cinders, 
held under tiiem. The process is ratner a diflicultone; and though 
it ia proper that the student should perform it, in order to complete 
a course of experiments, it will be found more economical to pur- 
chase the phosphorus which may be retjuircd fur experiments. 

Phtisphonis may also be procui-ed, by adding to mine a solution 
of lead m nitric acid, which precipitates a phosphate of lead This, 
when well washed, dried, and distilled in a stone-ware retort, 
yieltiK phosphorust or a solution of f^osphate of soda (which may 
be bought at the druggists), mixed with one of acedte of lead, in 
the proportion of one part of the furmer salt to 1^ of the latter, 
yields a precipitate of phosphate of leatl. from which phosphorus 

may be procured by distillation with charcoal, but at -■''■ — ■•'■■ 

more expense. 
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LI alkaline and earthy bases, tlie plios|iharic acid coaiposes 
-.1 class of salts called PliUHphat^s, which linvc the following gene- 
ric characters. 

1. When heated with charcoal, tticy are not decomposed, nor is 
phosphorus obtained. 

2. They melt, before the blow-pipe, into a hard gloi)ule, sotne- 
times transparent, at otliera opaque. 

3. The rai-thy phosphates are soluble in nitric, muiiatic, and ace- 
tic acids, without efliTvescence, and are precipitated from those 
a.cids by Haie-water and by pure aminonia. 

4. Titer are decomposed, in part, by sulphuric acid, and yield a 
liquor which, on evaporation and distillalion with charcoal, aSbrda 
phosphorus. 

The most important combinations of phosphoric acid are (hose 
which it forma with soda, ammonia, barytes, and lime. 

1. Fhospkate. of Soda, obtained by saturating carbonate of soda 
with phosphoric acid, and evaporating tlie solution, exists in crys- 
tals, which have always an excess of alkali. These crystals con- 
tain G3 per cent, of water, and when calcined by a red heat a 
converted into a white powder, which consists of 

Phosphoric acid .... 5348 ... 100 
Soda 46.52 ... 87 



tience the crystals ara composed of 



Phosphoric acid 
Soda .... 
Water . . . 



3. Phosphate of Jmmonia exists witli at least thre 
proportions of its elements. The neutral phosphate forms regular 
crystals, which are very soluble. By adding to this either an ex- 
cess of acid or of base, we ohlun distinct salts, which require fai-- 
ther investigation. 

3. Phos^ate of Barytes varies, also, in the proporUon of its ele- 
ments. 

(n) The neutral pkosphatu mav be obtained by mixing tlic solu- 
s of muriate of D..ri"tes and pnosphate of soda. It consists of 
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Phosphoric acid . . . . 31.8 w*' .'h. lOOiOO 
Barjtes 68^ . . . 214.46^ 

100. 

(b) When the neutral phosphate is dissolved in an excess of 
phosphoric acid, and the solution slowly evaporated, acid crystals 
are obtained, which, independently of water, contain 

Phosphoric acid . . . 47.8 . . . 100.00 
Barytes 52.2 . . . 107.11 

100. 

The acid, or bUphosphate, therefore, contains just half as much, 
barytes as the neutral compound. 

(c] From the solution of the acid salt, alcohol occasions a bulky 
precipitate, which, when dried, becomes a light and white powder, 
it is composed of 

Phosphoric acid . . . 39.13 • . . 100.0 
Barytes • 60.87 . . . 155.5 

100. 

Berzelius proposes to call it the acidulous phosahate of barytes. 
In this compound the base is united with one and a half as much 
acid, as exists in the neutral phosphate. Water decomposes it, 
and changes it into the neutral variety. * 

4. Phosphate of Lim^. (a) When a neutral solution of muriate 
of lime is mixed with a solution of phosphate of soda, the liquor 
becomes acid, and a copious precipitate takes place of small op£(que 
€brous crystals, which when geintly dried contain 

Phosphoric acid .... 41.90 

Lime 35.42 

Water 22.68 



100. 



Hence the phosphoric acid and lime are to each other in the folr 
lowing proportions: 

Phosphoric acid . . . 54.19 . . « 100.00 
Lime ........ 45.81 . . . 84.53 



100. 

* 

This compound may be considered as the neutral phosphate of 
Ume. 
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[b] ir Bohttion of innviate of limp be poured into aulatjon of phi 
phate of soda, takiog care to have a considerable excess of tlie li ' ' 
salt, a gelatinous precipitate is lurnied, wliich, when dried at a 
deratelieat, contains only 5.7 per cent of water; anJ, after tj 
liaa becD expelled by heai. coDsists of 

Phosphoric acid . . . 48.33 . . 



Having a greater quantity of base than the former. 

Jiouud nmy be ternieu a sub-phosphati'. It is this substance 
orms the basis of animal twne. ■' 

Both the phosphates of lime, which have already been described, 
are soluble in an excess of phosphoric acid, and afToril a transpa- 
i-ent solution, from which pure, ammonia precipitates the neutral 
phosphate. From this solution, Berzelius has not succeeded in ob- 
taining solid compounds with definite proportions of base and acid. 
It is probable, however, that at least one such super-phosphate 
exists, and that the phosphates will be found, in this respect, ana- 
logous to those salts M'ith excess of acid, which have atfonled sui " 
striking illostraiioiis of the general law of definite proportioi 
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Phospbomous acid cannot, according to Sir II. Davy, be ohtaiu- 
ed pure by exposing cylinders of phoaphoTus to alinogpheric aii-; 
for, when thus prepared, it always contains phosphoiic acid. It 
can only be procured in a state of purity, first, by subliming phos- 
phorus through corrosive sublimate; then mixing ttje pnKliict with 
water and heating it, till it becomes of the consistence of syrup. 
'Hie liiiuid obtained ia a compound of pure phosphorous acid and 
water, which becomes solid and crystalline on cooling. It is acid 
to the taste, reddens vegetable blues, and unites with alkalies. 

Tile tlieory of this process is, that when the compound of phos- 
pliorua and chlorine, formed in the first operation, is brought into 
contact with water, the water ia decomposed ; its hydrogen uniting 
with chlorine composes muriatic acid; and its oxygen cumbiniug 
with phosphorus forms phosphorous acid. From this mixtui-e of 
acids, heat expels the muriatic. | 

The phosphorous acid exhales a disagreeable fmtid odour; and 
vields, when strongly heated, penetrating white vapours. When 
bcated in a glass ball, blown aX the end of .a^mall tube, a gas is- 
sues from the orifice of the ^ube, which inflames on coming in con- 

t with tlie atmosphere. Hence it appears to contain an excess 
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or phoapliarua. The residuum in tlie ball is phosphoric acid. From 
the experiments of Rose on the pliosphoric acid. Gay I.ussac infers 

j^^tliat, conform oil ly to hin own hypothetical views, phosphorous acid 

^^^DAust constatof 

I! Du 



Phosphor! 
Oiygen 



76 



These proportions do not diBer materially fi-om those stated by 
DuloDg, who makes phosphorous acid to consist of 100 phosphorus 
-f 74.88 osygen.* They agree, also, still more nearly, with the fol- 
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8 osygen.* They agree, 
lowing statement of Berzelius, accordi 
j^^^sists of 

I • ox 



t tilis acid coa- 



Phosphor 
Oxygen . 



U10.t 



Sir H. Davy, however, after a caj-eful Investigation of the consli- 

:tioti of phosphorous aciil, has lately been led to conclude Uiat the I 

oxygen, which it conliiins, is just one half of that existing in phos- I 

phoric acid; or that, in the former, 100 grains of phosphorus are I 

united with 67.5 of oxygen. Hence 100 grains of phosphorous acidT I 

^^^uiSt consist of 

H^And 
ll - 18.5. 



Phosphorus 
Oxygen . . 



J And phosphorous acid must be constituted of 1 atom of oxygen, 
srJ -f- 1 atom of phosphorus lt>^aD(l the weight of its atom will be 
18.5. ^ 

The combinations of phosphorous acid with alkaline and earthy 
bases are called phuspkites. 

The phosphites ditler considerably in their characters from phos- 
phates. 

I. They exhale a smell of phosphorus. 

3. When heated, they emit a phosphorescent tlame. 

3. Distilled in a strong heat, they yield a little phosphorus, and 
are converted into phosphates, ia which the elements are com- 
pletely neuti-al.t 

4. They detonate, when heated with chlorate of potash. 

5. IJhey arc changed into phosphates by nitric, and by oxymu' 
riatic acid. 



■ Phil. Mag. ilviii. 273. 



I * Gay Luastc, Ann. <le Chim. et Phy9, i. 313 



t Ann. de Clum, ctPhyi. v. 33? 



6. Pliospliite of potash ia very ilelinuescent, uncrystaillzable, but 
insotubte in alcohol. I'hoae of so<k aiif] ammuniti nre ulso very 
soluble, Tlie runner crystallizes ia rhoinboida approaching to cubes. 
All tlie rest are sparingly soluble, bat can be obtained in crystals 
only by spontaneous evaporation, for diey are decomposed by lieat, 
antt salts with eicesB of base are jireci pita ted, which are absolutely 
insoluble. There exist, therefore, neutral phosphites, aub^liosphites, 
and siiper-phosphites, tlie exact compuaition of which remains to bu 
invtat^ted.* 



Ifi/po-phofiphoroitsor Fer-phosphorous ^cid. 
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Whem pliospliuret of barytea, carefully prepared, is made to 
on water, two distinct compounds are generated, viz, phosphate O 
barytes, wliicli, being insoluble, is readily separated by filtration ; 
and a soluble salt of barytes, which parses tliruugh the filter. To 
the latter compound, sulphuric add is to be added, in quantity just 
sufficient fo separate the barytes. The acid solution which re- 
mains, when concentrated by evaporation, yields a viscous fluid, 
strongly oqid and uncrystallizabte. By a still stronger heat, 
this HUbstance is decmnpased; phospliu retted hydrc^u is deve- 
loped; a little phosphorus is sublimed; and pliosphoric acidremain» 
in the relorLt 

The compounds of tiiis new acid, with alkaline and earthy bases, 
are remarkable for their extreme solability. Those of bucytes and 
Gtrontites crystallize with great diOiculty. The h^po-phogphites of 
potesh, soda, and ammonia, are soluble, in all proportions, in highly 
rectified alcohol. That of potash is even more delitjuescent uian 
muriate of lime. They absorb oxygen slowly fixim (he sir, and 
when heated in a retort ave the same products as the acid itself. 

In order to ascertain tTie proportions of the elements of tliis acid, 
Bulong, its discoverer, converted a known quantity of it into phos- 
phoric acid by means of chlorine, whence he infers it to coiisist of 

Phosphorus .... 72.75 .... 100 -M 

Osygeu 27.25 .... 37.44 ■ 



These results are calculated on the supposition that hypo-phos- 
phorous or per-phosphorous acid is a binary compound of oxygen 
and phosphorus) but it is doubtful whetlier it may not be a triple 
compound of oxygen, phosphorus, and hydrogen, or a bydracid; in 
whic^ case its proper appellation would be hydro-phosphorous ocii 

' Duloiig-. 4SPM1. Hag. 272. f Duloti^. 48 PUi1 Mag. 3?! 




pf PHOSPHOKUS. 

Ib Kia able investigation of the compounils of phogpliorus. Sir tf, 
'.'l)aTya(linila tlie existence of the new acid ufDuIong, but ileducitB i 
difierent proportions of its elements. Tlie oxygen of this acid he ' 
infers to be precisely half of tl>af whicli crista in phospliorous '. 
acid; or that 100 of phosphorus are united with 3t!.S£5 oxygen. 
But. it has been already shown to be probable tliatpfiosphurous acid 
is composed of an atom of each of its elements; and it may, there- 
fore, be inferred tliat hypo-phoapliorous acid is cunsUtuleil of oiic 
atom of oxygen weighing 7^ and two atoms of phosphorus wei^h- 
ine 11 X 2 = 23, and flie weight of the compound atom nmyM.- 
reirescuted by !!9Ji. 

The following tnb!e represents the composition of tli 
acids of phosphorus: 




^^^^ nypo-phosphorous ; 

^^B Phosphorous acid 

^^^L Phosphoric acid . 

^^^^*^^ SEC 

^^P Combinaiionsof I 

There are two compounds c 
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i-oj Fbosphariii with Chtori 

two compounds of chlorine and phosphor 
1. Bir^btoride or Perehloride. Whon phosphorus is introduC£tt 
into chlorine gas, it takes lire spontaneously, and burns with a 
p&Ie flame; and a white solid condenses on the sides of the vessel. 
Id an experiment of Sir H. Davy, conducted with great care, 4 
Brains of phosphorus condensed 31,9 cubic inches (barometer 30.J, 
thermometer 46") of chlorine gas, equivalent to veiy nearly 24^ 
lins, or six times its weight. Therefore 100 grains ofphosphorui. 
form this compound, condense 600 grains of chlorine; and as 
,5 of cJitoriiie appear, from a variety of facts, to be equivaleot to 
■ of oxyKn, the above 600 grains are, by the rule of proportion) 
equivalent of 133 of oxygen; and thus is derived a collatej-al 
proof tliat phosphoric acid is constituted of 100 pliosphonis + 133 
oxygen by weignt. 

The solid compound of phosphorus and chlorine is volatile at a 
temperature below 212° Fahrenheit. It acts violently on water, the 
hydrogen of which forms, with the chlorine, muriatic acid; while 
toe oxyecn forms, with the phosphorus, phosphoric acid. 

3. Chloride or Proto-ckutride. Though tois compound may be 
obtained by heating the perchloride with a due proportion of (riios- 
phorus, yet a better method of preparing it is (as Sir H. Davy ra- 
commends) to pass tlie vapour of phosphorus over corrosive subli- 
mate, heated in a glass tube. By thi^ process, we obtun a liquid 
«f tlie specific gravity 1.45, which does not redden litmus p 
lugh its fumes produce this efi'ecl, iti consequence of being 




f OMPOtN'OS OF PHOSPHORUS. 

dered acid by contact with tlie moisture of tlie air. The acid, wliich 
reeutts from its action on water, is the phosphorous, which is best 
procured by the intervention of this chloride. At the same time 
muriatic acid is formed, by the union of chlorine with the hydrogen 
of the water. 

In this chloride, the chlorine exists in half the ouantity which 
constitutes the pCrchloride, that is, 100 grains of pnosphorus are 
united with 300 of chlorine. But in phosphorous acid, 100 grains 
of phosphorus are combined with C7.5 of oxygen, which last num- 
ber is, tlierefore, the equivalent of 300 clilonne. Now as 67.5 to 
300, sols 7.3 to 33.5; indicating that in the ckhride of phosphoriM 
its elements are united atom to atom; while in \i\e per-ckloride two 
atoms of chlorine are combined with one of phosphorus. 
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Cotnpotmds of F!u)spUo\ 



uilk .SUcaUis, Earths, and ComlmstibU 
Bodies, 



I. Fhosfhohus is susceptible of combination with sulphur, and 
affords a compound, the properties of which vary, according to the 
proportion of its ingredients. It may be obtained by melting these 
■Bubatances together in atuhe, the mouth of which is loosely stopped 
by paper; or by fusing these two bodies, very cautiously, and in 
small quantities, at the bottom of a Florence oil tlask, nearly tilled 
with water. The process is attended with some danger; and re- 
quires several precautions, which will be suggested by the essays 
of Mr. Accum and Dr. Brims, published in the 6th and 7tli volumes 
of Nicholson's Journal. The compound is mucii more fusible and 
combustible, than the separate components. It may be purified by 
being shaken witi) a solution of ammonia, and left some Iftiurs in it. 
Its reddish or brown colour is thus removed, and a IJE^ht yellow 
compound results, which is semi-trans pa rent, remains fluid even at 
20° Fahrenheit, and does not act at all on water at common tem- 
peratures, nor i-apidly even on boiling water. It appears to be con- 
stituted of 5 sulphur, and 7 phosphorus." 

II. PhosphoiHB combines with the pure fixed alkalies, and with 
earths, and composes the class of phusphurets. That of lime is the 
most readily formed, and cxliibils, extremely well, the properties of 
these compounds. It is prepared as follows: 

Take a glass tube, about 13 inches long, and one-tliii-d of an inch 
diameter, scaled hermetically at one end. Let tliis tube be coated 

• Fanday in Journ. of Science, iv. 360, 



with clay, except wiiKin about lialf an iijcli of the spale<I end. Put 
first iato it a drachm or twn of phosgiliorus, cut into small pieres, 
and then fill the tubi-witli small bitaonVesh buiiit lime, of tlie size 
of split peas. Stop tjie mouth of the tube loosely with n little pa- 
per, in order to prevent the free acces§ of air, — Ne»;l, heat (o red- 
ness that part of the tube which is coated with clay, by means of a 
chafingdien of red-hot charcoal;' and, when the lime niny be sup- 
posed to be ignited, apply heat to the part containing the pliosi'lio- 
niB, so as to sublime it, and to bring fne vapour of it into contact 
with die heated lime. The lime and phosphorus will unite, and 
will afford a compound of n reddish-browD colour. — Phosphurct of 
barytcfi and ofstrontites may be prepared in a similar manner. 

If the carbonate of lime be substituted for pure lime, the carbonic 
acid is decomposed. Its carbon is set at liberty, and appeiti's in the 
state (if charcoal; while its oxjgen unites wilJi the phosphorus; 
and the phosphoric di;iil, thus produced, forms phosphate of lime. 
In this process, discovered by the late Mr. Tennanti carbonic acid 
is decomposed by the conspiiine affinities of phosphorus fur oxygen, 
and of lime fur phosphunc acid, thoun;!) the furn.^r affinity only 
would be inadequate to produce the effect. 

The phosphnret of lime has the remarkable propeity of decom- 
posing water at the common temperature of the atmosphere; and 
the water afterwards contains phosphite, or hypo-p!iosphite, not 
phosphate, of lime.* Drop a small piece of it into a wine-glass of 
water, and in a siiort time bubbles of phosphu retted hvdi-ogcn gas 
will be produced; which, rising; to the surface, will talie fire, and 
explode. If the phosphuretof lime be not perfectly fresh, it may be 
proper to warm the water to which it is auded. 

Into an ale-glass put one part of phosphuret of lime, in pieces 
about tlie size of a pea (not in ponder), and Add to it half a part of 
chlorate of potash. Fill the glass with water, and put into it a fun- 
nel, with a long pipe, oi' narrow glass tube, reaching to tiie bottom. 
Through this pour three or four parts of stronganlphuric acid, which 




the fluid, and the bottom of the vessel is illuminated by a beautiful 
green Hglit. (Davy.) 

Another combination of phosphorus, the properties of which ren- 
der it a fit subject of amusing experiments, is the ptiosphu retted 
hydrogen gas. 

Aht. 3. — Fhiisiihuretted Hydrogen Gas. 

By heating solid phosi]liDi*ous acid out of the contact of air, a 
large quanlUy of elastic fluid is generated, which may be collected 
by a proper apparatus, and has singular properties. 

It has a disagreeable smell, hut is not so oilensive as bi-phosphu- 
retted hydrogen. It does not explode spontaneously, but detonates 

■ Caj- Lussac, 85 Ann, ile CJiim, 30(5, and Ami. deCliim. eH'hjS. 



violently when heated with oxygen to about 300° Falirenheit; oi- 
when a mixtut'e of the two ga'sus U rnrt^fied by dirnitiislied praft- 
sme.* U explodes in chloiine widi a white flume. Water absorbs 
about one-eighth its volume. Its specific gi'avity vraa found by Sir 
H. DavylolM^ tothatofhydm^nas 1:3 to I. He gave ittlie iiaiiiei>f 
h^itro-pkosphoric gas, but he Ras since adopted ttiat of phusphuret- 
ted hydriigen. 

Potassium doubles its volume, anil ilie residue is puie hjdirgeti- 
Sulphur occasions the formation of sutpliuri'tted hydrogen, equal in 
volume to twice tlie orijrinal gas. Three parts of it in volume eon- 
dense more tlian five of oxygen ; and one in volume attsorbs four itf 
chlorine. It appears to be cimstituted of two atoms of liyditigcii 
and one of phosphorus; and the hydroi^en in it is condensed into 
halfitsbulk. In tliatcaae the weight of its atom will be IS. 

lis formation appears to be owing to tlie deeiim position of water, 
iJie oxyE^n of which, with part of tlie phosphorous acid, forms phos- 
phoric acid, while the hydrogen dissolving the excess of pliosphonie 
cxistin;]; in another |H)rtian uf phosphonius acid, composes tiie ger' 
culiui' gas, ^^1 

Art, 'k.~Bi-i>ho^phuretted U'jdrogm Gas. ^M 

T. This gas may be procured, by boiling, in a retort, a little pho»- 
jthorus with a solution of pure potash. The water is decomposed ; 
its oxygen, uniting with the phosjihorus, foi'ms phosphoric acid, 
■which combines with tlie alkali, while the hydroMn dissolves ano- 
tlier portion of phosphorus, constituting bi-phosphu retted hydrogen 
gas. — ^Ttiis gas may also be obtained, by putting into five parts of 
water half a part of phosphorus, cut into very small nieces, with one 
of finely granulated zinc, and adding tiirce parts of strong sulphu- 
ric acid. This aBbrds an amusiitg cxiieriment. The gas is disen- 
gaged in small bubbles, which cover tlie whol« surface of the fluid, 
and take fire on reaching tiie air; these are succeeded by others. 



a Weil of fire is produced, (Davy.) 
n preparing this gas from phosphorus 
both the body and neck of the retort should be entirely filled with 



In preparing this gas from phosphorus and solution of potash. 



esolution, which Dr. Coxe, of Philadelphia, recommends lobe al- 
most boiling hot. He employs a retort holding fmrn half a pint to a 
pint; and after introducing both the phosphorus and the solution, 
fixes its neck on an inclined plane formed uf a block of wood, the 
upper extremity of which is overhung; by the body of the retort, while 
its mouth proiectsnver the lower end,and is dipped into a small bowl 
lilled with a hot solution of potash. The gas, extricated by tiie flame 
of a lamp, accumulates; and, forcing the alkaline solution down 
file neck, at length escapes, through the hot solution in tlie bowl, into 
the air, where it inflames, Sliould tlie heat slacken, and an absorp- 
tion ensue, notliing passes into the retort but the hot solution of al- 
kali Irom the bowf; and this, as the retort is secured from being dis- 
placed, does no harm. In this way, a torrent of gas may be kept 

- 6 Ann. de Chim, et Pliya. 304. 
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Dp,«a long; as tiiere remains sufficient of the solution in the retort; 
And all ilanger of breakiug tiie I'elort is entirety avoided. 
IL Tlie properties oftliisgasare Die following! 

(a) UlAkes fire immediately on comine; into contact with tlte at> 
inosphere. Tliis may be shown by letting it escape into the air, as 
it issues from the retort, when a very beautiful appearance will en- 
sue. A circular dense white snioke rises in the forni of a horizon- 
tsl rin^, which enlai^LS its diameter as it ascends, aiul forms a kind 
of cnruna. The gas pivduces also a flash of li^ht when admitted 

the best vacuum, that cah be made by an air pump. 

(b) 'When mixed suddenly with oxygen gas it detonates. One 
"ism-e requires 1) of oxygen for satumtion; and the product i* 

_ gphoric acid. It may also be combined with au equal volume nf 

■|Mn;gen, and the product is then phospliorous acid. 

*i'hi:i experiment should be miide cautiously, and in small quan- 
tity. But in a tube only three-tenths of an inch in diameter, the 
mtsture does not detonate. 

(c) The same phenomenon ensues on milling it with chlorine gas. 
or with nitrous oside. Three volumes of chlorine are condensed by 
one of phosphu retted hydrogen; and th& products are muriatic acid 
and perchtoride of phosphorus. 

When minded with any of these gases, it should be passed up 
by not niore tnan a bubble or two at once. 

(d) Sulphurous acid and phosphuretted hydn^en gases, wlien 
■mngled t<^ther, mutually decompose each other. 

(«) It deposits phosphorus, by standing, on the inner surface of 
the receiver, and loses its property of spontaneous ascension. It 
is, also, decomposed by electricity, without any change of volume. 

(/) Its specific gravity is very variable. Sir H. Davy has obtain- 
ed it, from phosphorus and alkaline lixivia, of all specific gravities, 
from 400 to 700; Mr. Dalton states it at 830. air being lOOt), and 
Dr. Thomson at 904.3. The (quantity absorbed by water is slnted- 
by the foi-mer at one-fortieth its bulk, and by the latter at one- 
twenly-scVenth. Dr. Thomson makes it one-fiftieth. 
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of the gas lieated with potassium become 



;, and phosphuret of potassium is formed. 

From all that is known respecting tliis variety of phosphuretted 
h vdrogen it may be inferred to consist of 1 atom ofhydri^en+l atom 
SI phosphorus; tmd the weight of its atom will be represented by 
lAO. 

Tlic existence of different varieties of phospimretted hydrogen 
hwi, however, been lately denied by Mr. UuRon, whose experimeiils 
have led him to the conclusion, that the apparent divenuties nf coiii- 
Msitton are occasioned by tlie admixture of various pi-oportioiis of 
tree hyth't^en and phosphuretted Jiydri^en. The two gases admit, 
he finds, of separation by liquid oKymuriate of lime, which absorbs 
the phosphuretted hydrogen, and not simple hydr^en. 

One volume of ,ihosphf( retted hydrogen in a pure state rcquii-es, 
according to Dalton, t«o volumes of oxygen for saturation. When 
electrified per sp. it it expanded one-t)iir3 of its volume- 




sorbed by eiglit limes its bulk of water. ^Vlieii t»o parts are mix- 
ed with nve of nitrous gas, aiiti an electric sp^l^ is passed tljruugli 
(he misture, a brilliant exvlosioD takes place; and the results are 
phosphoric acid ami water, and nitrogen gas, less in bulk by 2 or S 
percent, tlian half the volume of tlie nitrous gaa.* 

Phospliorus is soluble in utis; and, when thus dissolved, form» 
what lias been called litjuid phosphorus, which may be rubbed on the 
face and hands without injury, it dissolves too in ether, and a very 
tieautiful experiment consists in pouring this pliusphorlc ether iu 
small portions, and in a dark place, on the surface of hot water. 

Tlie pliusphorlc inatdhes consist of pliospiiorus extremely dry, 
roinutely divided, and perhaps'a little oxygenized. — The simplest 
mode of making them is to put a. little phusphurus, dried by blot- 
ting-paper, into a small phial; heat the uhial, and when tlie phus- 
[diorue is melted, turn it round, m tliat tlie phosphorus may auh^re 
to tlie sides. Cork the phial closely; and it is prepared. On put- 
ting a common sulphur match into the buttle, aud stirring it about, 
tlie phosphorus will adhere to the match, and will taJte fire when 
brought out Into the air. 
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I, THIS acid is very rarely to be found native; and, lor puipooes 
of experiment, is obtained from the purified boras of commerce, by 
one of the following processes: 

1. To a solution of boras, in boiling water, add half its weight of 
sulphuric acid, previously diluted wiOi an erjual quantity of water. 
Evaporate the solution a little ; and, on cooling, siiining scaty crys- 
tals will appear, which consist of boracic acid. Let them oe well 
washed with distilled water, and dried on filtering paper. 

2. Let any quantity of borax be put into a retort, with half its 
weight of sulphuric acid, and half its weight of water. Boracic 
acid may be obtidned by distillation, and maybe purified, by wash- 
ing in wateji &c., as befoi-e. By neither orthese processes, how- 
ever, is.it obtained perfectly pure; for electrical analysis discovers 
in it a minute portion both of alkali and of sulphuric acid. (Davy.) 

II. Boracic acid has the following ijualities : 
1. It lias the form of thin white scales; is destitute of smell, and 
nearly so of taste. Its specific gravity is 1.4r9. 

3. It fuses, when heated, &m loses its water of crystallization. 
If the heat bii increased suddenly, before it has lost its water of 
crystallization, it sublimes; but, otherwise, it melts into a glass. 

" Thomson's Annuls, si. ? 









wliicii is permanent in the strongest fire, and hns tlie specific gra- 
ittty 1.803. 

a. It 13 ^nerally described as soluble in twelve parta of cold 
and in three or t'oui' of boiling water; but, accortUni; to Sir 
Davy, uvea Uoiling water dues not take up above one-fiftieth of 
weigiit * 

solation reddens vegetable blue colours, and effervesces 
with alknline carbnnntes. 

5. It is soluble in alcnhol, and the solution burns with a beautiful 
grecu flame. 

The bomcic acid, which haxl resisted all other means of analysis, 
has at length yielded tn the attempts of Sir H. Davy to decompose 
It by llie action of Voltaic eleetiicily. When slightly moistened 
with water, and exposed, between two surfaces of platiiiB, to a bat- 
terv of 5Q(l pairs oi plates, an olive-brown matter immediately tHxaa 
t» form on tlie negative surface, which gradually increased in tlnck- 
nesR, ail I at length became almost black. It was not changed br 
water, but dissolved with effervescence in warm nitrous acid. When 
hexted to i-ednesB on platina, it burned slowly, and gave off wittte 
fumes, which had acid properties. A black mass remained, which, 
when examined by the ma^nitier, appeared vitreous at the surface. 
evidently contained a fixed acid. 

Boron. 
'j^ Hiis peculiar combnstible substance is a mm-conductor of elcc- 
^icity, it was found impossible tu obtain it in tliis way, except in very 
thin nims. By tlie action of potassium, however, it was procured in 
liuger tjuantittes. Twelve or fourteen grains of boracic acid wei'e 
heated, in a green ^lass tube, with the some quantity of potassium. 
A most intense igmtion ensued; and the potassium, where it was 
in contact with uie boracic acid, entered into vivid inflammation. 
A quantity of hydrt^en grts app^ed, cfjual to about twice the 
bnik of the acid. To collect the results, tubes of metal were em> 
ployed; for the most part of brass, which appears to answer best 
J^ residue in the tube was dissolved in water, and tlie insoluble 
part collected on a filter. Its properties are described a^ follows: 

1. It is in the form of a powder, in colour of the ilarkcst shade of 
olive. It is very f.iable, and uot sufficiently liaiyl to scratch glass. 
It is a non-conductor of electilcity. 

2. When it has been dried at only inu" or 130°, it gives off mois- 
ture by increase of temperature. In tlie atmosphere it takes fire, at 
a heat below tliat of boiling olive oil; and burns with a red light, and 
scintillations like cliarcoal. 

S. It is not decomposed by heat in a platina tube, though raised to 
whiteness. The only change in it appears to be an increase of speci- 
fic gravity. 

4. In oxygen gas it bums with a tuost brilliant light, and is partly 
converted into boracic acid, and partly into a black substance, which 
requires a higher temperature fur its inflammation, and produces ~ 
' " h quantity of boracic acid. 
Vol. II C 
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5. In <)x; muriatic acid gag, it takes fire at common temperatures, 
Hiiil boracic acid is regenerated witli a portion of llie black matter at- 
ready de sen bed. 

6. It is not soluble eitlipr in nitrogen or hy(lros:en gases. 

7. It decomposed tlie nitric and sulpliuric acids, and boracic 
was produced. • 

8. It combined with alkalis, and gave pale olive ^ilourcd 
pounds, from w hicli dark precipitates were separated by muriatjc acid. 

9. It slowly combined wilh melted snlpnur, whicn acquired an 
olive tint; but with phosphorus scarcely any union BeemeJ" to take 
place. Neither did it combine with mercury. 

These (Qualities are eullicicnt to sliow that the combustible sidi* 
stance, obtained from bomcic acid, and constitutine its base, is dif- 
ferent from evei-y other known species of matter. Sir II. Davy has. 
t])erefDre, proposed for It tJie term bouoh. As to its nature, he ia of 
opinion that it la pmljably a compound, and that one of its ingre- 
dienta, which enters into alloy with potassium and with iror, is the 
true basis of tlie boracic acid. The'Olive coloured substance, whoEW 
properties have been ah-eady described, he believes to consist of tliiB 
basis, united with a litlle rfiv^n; that when further oxydi^ed it 
forms the black matter; and tnul, in its full state of oxygenation, it 
constitutes boi'acic acid, 

The proportion of ingiedients in the boracic acid has not been ac- 
curately determined. It is stated, merely as an appro ximuti on, tliat it 
consists of one part br weight of inflammable base united with two . 
parts of oxygen. In uie black substance. Sir H. Davy supposes th^^ 
about three parts of the inflammable base are combined with only aqd| 
of oxygen. ^H 

Boracic acid combines with alkalis and earths; but the only im^ 
portant combination, which it forms, is with sodak This compound 
IS found native in India, and is brouglit to tiiis country, under the 
name of tincal, or brute borax, which, when purified, aflbrds the borax 
of the shops. In the borate of soda, the alkaline ingredient is in es> 
cess, and hence the salt converts ve^table blue colours to green. It 
is therefoi'e, in strictness, a sub-borate. 

Sub-borate of soda crysfalliies in prisms with sis' irre|;ular sides. 
It effloresces in the air. It fuses when ignited; loses its water of 
crystalliaation; and leaves a glass, which is transparent when cold, 
and which is of great use in experiments with Uie blow-pipe. The 
salt dissolves in twelve parts of cold water, or iu six of boding water. 
It is susceptible of combination, by fusion, with silex and with alu- 
mine; and hence is employed in making artificial gems. According 
to tlie experiments of Gmelin, it consisls of 

Boracic acid .... 35.6 . . . 100 ^^ 

Soda 17.8 ... 50 ^M 

Water 46.6 JH 

100. ^3 

The remaining borates, which have been analyzed by Gmelin, are 
described in the 9th volume of Dr. Tiiomson's Aooals, p. 48. 
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I. THK fluoric acid may be obtained Irnm a siibstnnce found abun- 
dantly in Derbyshire, under the name of fluor spar. In converting; 
tills spar to ornamental purposes, small pieces ai-e broken off, whicn 
mar be had at a cheap rate. 

Pure fluoric acid has ui^ver yet been abtained in a ga3i^oU9 state; 
for we are acquainted widi it, as a gas, in only two forms, vi/,. Istly, 
of combination with sites; and adly, wltli boraclc aclil. 

Silicated fluoric gas may be prepared by ooLiriog on fluor spar, 

finely powdered, and mixed with lialf its wei^^iil of powdered glass, 

•n equal weidit of strong sulphuric acid. iL may be received over 

gncuryinglass vessels, me transparency of vvhicli it does oot impair. 

fc 'Specific gravity is very great, 100 cubic inches wei^iing 110.78 

_,"3y causing a known volume of it to be absorbed by liriuid ammo-' 
n^&, Dr. John Davy separated the silcx, which formed 61,4 per cent 
of the weight of the gas. When tlie gas is absorbed by water, much 
of the silex is deposited, and it retains only 54,5 per cent, of that 
eai'th in combiuation. To this liquid. Dr. Davy gives tiie name of 
sabsilicat?d fittoric acid. 

Water absorbs about 363 times its bulk of the gas, and the solution 
mav he kept in glass vessels without corroding thcoi. 

It condenses twice its volume, and no other proportion, of ammo- 
niacal &%, forming a dry white salt, which is slig;htly acidi'deposits 
some silex when dissolved in water; and, when its concentrated solu- 
tion is boiled in glass vessels, powerfully corrodes them. When an 
excess of liquid ammonia is added, the whole of tlie siles is precipi- 
tated, and a pure fluate of ammonia is obtained. 

Potassium, heated in silicated fluoi'icgas, takes (ire, aadArnswidi 
a deep red light. In an experiment oF Sir H. Davy, rffter the com- 
bustion, the whole of the flunric acid wos found to tie destroyed, and 
no ga^ left but a residuum of hydrogen. Rut from fluoric acid, long 
exposed to calcined sulphate of soda, hardly ore-tenth its bulk of by- 
droeen could be thus developed. 

The bottom of the retort, in these cases, was covered nith a sub- 
stance of various colours, in some parts chocolate, in others yellow, 
which, being heated in contact with air, burned sloxly, lost its colour, 
and became a white saline mass. In osygen gas, it burned with an 
absorption of oxygen, but not ivith any great intensity, reproducing 
silicated fluoric acid ^aa. 

By the action of this substance on watei', fluoric acid and potash 
were geueratedj and some chocolate-coloured particles were sepa- 
rated by llie filter, which, when dried, and hoatct in nxyf^n gns. 
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burned and ab§oi'bed osygen. By ibis combustion, fluoi'k acid 
also gienerated. 

Jlijdro-jlutiric Acid. 

The lluoi'ic acid may be obtained in a liquid stal-e, froi _ 

and twice its weigbt of strong sulphuric acid, by using a leaden retoil! 
and leaden receiver. An ingenious apparatus, invented for this pur- 
poae by Mr. Knight, ia descnbed and fio;ured in the ITth volume of 
tlie I'fiilosnphical Magazine. The receiver should be surrounded 
with enow or pounded ice. 

The liquid acid must be preserved in leaden or silver bottles, as it 
soon corrodes and penetialos glass ones. Its volatility, however, ia 
such tliat it is extremuty dilTicult to confine it. In this state of watery 
solution, it readily combines with, alkalies, and forms soluble com- 
pounds. Its r.ombiuations with tlie earths are for the most part highly 
insoluble. The fluales have no properties that can render them inter- 
esting to tlie student, except the use of the ulk&line ones as testa, 
which will be described in a subsequent part of the work. 

To tlie liquid sohttion of fluoric acid. Gay Lussac and Theoanl 
have given the name of silici-jluoric acid. Its specific gravity. Sir 
H. Davy tinds to be 1-O609. By adding water, in very small quanti- 
ties at once, its specific gravity is f[radually increased to 1.25, a pro- 
perty observed in no otlier liquid. When suddenly mixed with water, 
it becomes very hot and even boils; it emits dense and noxious va- 
pours; acts instantly and Btrongly on rIbss; and powerfully affects 
the skin, on which it raises painful pustules, or, if in sufficient quantity, 
occasions deep and dangerous ulcers. — A small piece of potassium 
thrown into it detonates violently. 

The princi[)al use of hydro-fluonc acid is for destroying the polish 
of glass) but for this purpose it is adviseable to prepare it m a state of 
considerable dilution, by receiving the gas into water, contiilned in a 
leaden vessel. It may, also, be employed to etch on glass, as copper 
is engraved by aqua fortis; and it affords an useful means of sepa- 
rating iiotash from its acid combinations, since it detacliea that alkali 
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n insoluble compound.-^ 

Mature of Fluoric Acid. 



The experiments of Sir II. Davy, made in 1808, led liim to conclude. 
chiefly from the actio.'L of potassium on silicated fluoric gas, tliat tlie 
fluoric acid is a compound of oxj^n witli a combustible basis. But as 
all acids, so constituted, are decomposed by galvanic electricity, their 
base bein^ determined to the negative, and their oxygen to the posi- 
tive pole, he has iatelyt submitted liquid fluoric acid to this test, after 
havine first ascertains], by the result of its combination with ammo- 
niacaf MS, that, in its strongest form, it contains no water. Consider- 
able difficulty was experienced in making the necessary exposure oi' 
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I to electricity, (partly in conse(|ucnce of tlie dangei 
«Viiich it emitted,) and also Id collectiog the products. At the 
itive pole, a fras was evolved, whicli, from its inflammability, ap- 
I to be hydi'ogeii. The platina wire at the positive pole was 
covered with a cliocoUte powder, the proper^es 
h seem not. tn have been examined. 
Allien lluate of ammouia was treated with potassium, no evidenr-c 
was oblaiaed of its coiUainiDg oxygen. Cliarcoal, also, intensely 
ignited in fluoric acid gas, gave no carbonic acid. The moat eirople 
way of explainina; tlie phenomeiiii appears, therefore, to Sir H. Daw, 
to be by the supposition, that the fluoric acid, like tlie muriatic. U 
composed of hydrogen, and a peculiar base, possessing, like oxygen 
and chlorine, a negative electrical enenty, and hence determined to 
the positive surface. For this base, which, like chlorine, he believes 
to combine at once with metals, the name of jiuorine has been pro- 
posed. This substance, Irain its strong afiinitJcs and decomposing 
agencies, has not yet been eshibited in a separate slate; nor have 
auy of Uie attempts to detach it from its combinations by chlorine or 
oxygen, (on the presumption that the attraction of one of those bodies 
fer the metals might be supeiior to lliat of fluorine,) been hiiJierto 
successful. 

Tlie number representing tlic atom ofjlHorine, as deduced from the 
cmnposilion of fluor spar, is 17.1 ; and Buor spar must be composed 
trf 20 calcium and 17.1 fluorine. On the whole. Sir H. Davy is dis- 
d to estimate the weight of the atom of fluorine at less tnan half 
ml of chlorine, and to fix it at 33, which is equivalent, on Mr. Dal- 
le's scale, to 16,5 

Fliiuboric Jlcirl. 

iVith the view of obtaining fluoric acid gas perfectly fiec from 
r, both Sir II. Davy and Gay Lussac appear to have had recourse 
e same expcdientiVur.tliat of distilling perfectly dry boracic acid 
b fiuate of lime. When these substances were exposed to a strong 
t in an iron tube, in tlie proportion of one part of the former to 
) of powdered fluor spar, a gas was collected in great quantity, 
kh exhibited siogular properties, and to which Messrs. Gay Lus- 
jac and Tlienard have given the name o{ ^as jluobnrique, or fluoboric 
acid gas. It may, also, be obtained by distilling in a retort one part 
of vitreous boracic acid wilJi two of fluor spar and 13 of sulphuric 
acid. Ooe hundred cubic inches weig^ TS.5 grains. 

This gas, accoi'diug to the latter chemists, appears to contain no 
water, and to have so strong an affinity for it as tn take it from other 
gases, which hold water in combination. Hence, when mixed with 
most of tliose gases, on which it dues nut exert a chemical action, 
such as atinuspheric aii', it loses its transparency and becomes 
cloudy. 

With ammoniacal gas it unites in two proportions. If the alkaline 
ns be put first into tlic tube, etjual measures combine together, and 
tlie compound is neutral. But if we admit fluoboric gas by bubbles 



to the alkaliue gas, we obtain a compuund, witli an excess of bu9, 
conBiBting of one tneaaure of fluoboric s^s to two of ammonia. 

Fluoboric cas is itbaorbeO copiously by water, wliicli takes up TOO 
limes its buik, and acquires th« specific gravity iJ7. The satanitnd 
solution has the causticity and aspect of strong; sulphuric scM; re* 
quires for ebullition a temperature considerablv exceeilin^ 31%° Pai>- 
renheit; and is condensed again in strite which contain moch j^as. 
From ^naloaiy. Gay Ijussac supposes tlrnt nitric and even sulphuric 
acids would, if they could be obtained free from water, be equally 
elastic with this. 

When potassium or sodium was heated in fluoboric gas, Gay Los- 
sac and Thenard obtained lluate of potash or soda, and tiie ^ase of 
tlie boracic acid. 

The liquid acid acts almost as intensely as sulphuric acid on vep|e- 
tjible sul^tances. It blackens paper, and aftbrds a true ether with 
alcohol. It has no effect m corroding glass. 

From analysis. Gay Lussac and Thenard, as well as Sir H, DaiT^, 
liare detennined it to be a compound of boracic and fluoric aeids^ff 
proportions not yet ascertained, ^ 



CHAPTER XVIII. 



IODINE was discovered accidentally, about (lie bcginnii ^ _. 

year 1812, by M.Courtois, a manufacturer of saltpetre at Paris. In the 
processes for procuring soda from the ashes of sea weeds, lie fonnd 
his metallic vessels mucli corroded; and in searching for the causej 
he made this discovery. Specimens of the new substance were givea 
to MM. Desormes and Clement, who read a short memoir upon it, at 
a meeting of the Institute of France, in November, 1813. Its pro- 
perties and combinations have since been ably investigated by Vau- 
quelin;' by Gay Lussacjt by SirH.Davy;! and by Gaultier de Clau- 
bry and Colin.5 

When all the soda has been separated by crystallization from a so- 
lution of kelp or barilla, or fiwm the ley of ashes of marine plants, 
that afford the mineral alkali, in order to procure iodine from the resi^' 
duary liquor, -cancentrated sulphuric acid is to be poured upon it, ht 
a retort furnislied with a receiver. The iodine passes into the receiver, 
under the form of beautiful violet vapours, which are condensed in 
crystalline plates, having tlie aspect of plumbagio. To purify it from 
the redundant acid, that comes over with it, the iodine may be re- 



difitiUed from v/aitr, ronlamiDg » very small ([aaiititi^ of potash, 
ftfterwords dried by preuainE it between tulds of blultin^ paper.* 

Oeneral Properties. — Iodine is a solid, at the ordinary tempera- 
tare of ihe atmosphere. It is often in scales, resembling those of mi- 
caceous iron ore; sometimes in large ami brilliant rhomboidal plates; 
acd uccasiunally in elongated octoltedrons.t Its colour is bluish 
btuk; its lustre metallic; it ia soft and rriable, and mayeaailybe nib- 
\xA tn a. &ne powder. Its taste ia very acrid, though it is sparinglv 
soluble in water, which does not take up above one 7000th part of its 
weight, lis specific gravity, at 60° Fahrenheit, is 4.946. It is a non-- 
conuuctor of electricity; and possesses, in a high decree, the electri- 
cal pnipertics of osysfen and chlorine, being determined to the posi- 
tive pole of a galvanic Bri'anB;ement. When applied to the skin, it 
produces a yellow stain, but this disappears as the iodine craporates. 

Iodine is fusible at 225° Fahrenheit, and, under the ordinaiy pres- 
sure of the atmosphere, is volatilized at a temperature somewhere 
near 350°, forming a gas 117.71 times denser than hydrogen, or, ac- 
cAnling to Sir H. Davy, weighing 95.27 grains for 100 cubic inches. 
The volatilization of iodine at the heat of boiling water, which hap- 
]teiis when it is distilled viUi that fluid, depends on its affinity for 
af|Ueous vapour. The colour of its vapour is a beautiful violet, and 
hence its name (from >m^;, violaceus). 

^tion uf Oxygen. — Imline undergoes no change by being ht-atcd 
in contact with o;(ygen ^s, or with hyperosy-mariate of potash. It 
will appeal', however, in the sequeUthat, by theinterventionof euchlv- 
rine, it admits of being combined with oxygen, and that it tlien fur- 
nislies a peculiar acid with that body. 

Action of Nitrogen. — Azotic gas lias no nction on iodine, but a 
compound of iodine niti-ogen will be described in speaking of the 
effect of ammonia. 

^tion of Water, — It has no power of decomposing water, even 
wti«ii the mixed vapours of the two substances aie passed through a 
red hot tube. 

Action of Sydrogev. — The affinity of iodine for hydrogen is ver^ 
sircmg, and it absoi^s tiiat basis from hydrogen gas, and detaches it 

I from several of its combinations, aRbrding, as the result, a distinct 
and well characterized acid, 
if iodine be heated in dry hydrogen gas, an eipansion of its volume 
lakes place ; an acid gas is formed, which is very absorbable by water, 
aad acts so much on mercury that it cannot be pi'eserved long over 
that met&l. A similar gaseous compound is formed, by exposing 
iodine to sulphuretted hydri^n gas. But it is best prepared, in 
I quantity, by tlie action of moistened iodine and phosphorus on each 
other, tiie phosphorus being in excess, and the mixture distilled in a 
retort. 'Die gas may be received into a vessel filled with common 

3 for its pveparatii 
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air, wtrich it expels by its superior gravity. Gay Lussac i-ecommcnds: 
iDEteiu} ol'a retorl, a small bent tube, wnich, aliter putting tlie iodine 
into it, is to be inverteil over mercury; tlie air, ivhich it contains, is 
(0 be expelled by a glass rod, that almost tills its capacity ; and tbe 
phosphoruB is to be brouglit into contact with the iodine, by intro- 
ilucing it tfarouith the mercury. As soon as the contact takes place, 
tlic acid pn is difiengaged, and may be collected by putting tlie open 
end of tlie tube under a glass Jar standing inverted in mercury. 

No sooner does the gas come into contact with the mercury, than 
it begins lo be decomposed ; and if the contact be prolonged a suffi- 
cient time, or acitation be used, tlie decomposition is complete. The 
iodine unites with the mercury; and there remains a volume of liy- 
di'ogen gas, which is exactly one half that of the acid gas. It is 
decomposed, in a similar manner, by all metals, except gold and 
platinum. 

The acid gas is colourless, its taste is very sour, and its smell re- 
sembles that uf muiiatic acid eas. Its specific gravity was found by 
uiperiment to be 4.443; by calculation it should have been 4.438. 

Tlie acid gas is rapidly decomposed bv being heated in contact 
with oxygen jras, which detaches the hyimigen. Oilorine also, in- 
stantly deprives it of hjdrt^en, and produces muriaJcacid gas; and 
the iodine re-appeal's in tlie iurm of a beautiful violet vapour. When 
mixed with proto-phosphu retted hydrogen, botli gases are condensed 
into white cubical crystals, which are volatiliv.ed at a moderate heat 
tvitliout funon or decompositioo.* It is composed, by weight, accord- 
in^toGay Lussac, of lUO iodine and 0.849 hydrogen. 

For this compound Sir H. Davy has proposed tiie name of kydroi- 
onic add, and Oay Lussac Uiat of hydriodic acid. I pi-efer the lat- 
ter; because it is ef'sier, by varying its termination, tu express its 
elombi nations with alkaline and otlier bases. 

Ifgdriadic Jleid Gas is plentifiillyabsorbed by water; the solutioa 
is fuming, and has tlie density of 1,7. To prepare this liquid in quan- 
tity, Gay Lussac recommends to put powdered iodine into wnter,and 
to pass sulphuretted hydrogen gas through the mixture. The hydro- 
gen unites with the iodine, and Uieeulpliuris precipitated. The liquid 
may be concentrated by evaporation. Till itattains tlie temperature 
of 25"°, water only distils; ^ove tliis point, the acid itself is volati- 
liz.ed, and remains stationary at 262}", its density bein" then 1 ". 

The liquid acid is slowly decomposed by contact with air; its hy- 
drogen being attracted by the oxygen of tlie atmosphere, and a porticm 
of iodine liberated, whicli gives tlie liquor a colour of intensity pro- 
portionate to the quantity of free iodine. Concentrated sulphunc 
acid, nitric acid, and chlorine, decompose it, and sepaiute iodiqe^ 
Withsolutionsof lead, itgivesa fine orange precipitate; with solution 
of per-oside of mercury, a red one; and wIUi silver, a white precipi- 
tate, insoluble in ammonia. 

Wlien submitted to Galvanic electricity, tlie liquid hydriodic acid 
!« rapidly decomposed; iodine appears at die positive, and hydi'og^, 

• e \[in- de Cliim, « Phys. 305. 



at the negative pole. It c1i«sutves zinc and iron, willia cliscn^E^ment 
of hydrn^n gaR, which proceeds) frmii thi- walcr. It hns no action on 
mercury, thimgli the gas no powcrlu!lynffcc(s l.liat metal. It is dccom- 
|>oset) by those oxidca, which hold tiitir (isvip-ri loiisely, and combine 
with tlie rest, funnina; n eenua nf nentrul auiis, rallett hydriwlates. 

In general, the hyilriotifltes are rendily BoluUtc in water. Tliose of 
potash and baiytes are not <lecDin|)iiseiJ by heat, eiir.ept oxyeen is in 
cositact with themj (he saltwith base oflime ii whtilty.anti Oiat widi 



Stilpbwr and InJine unite at n gentle heat, and n blnck ladiated 
compound is formed, resemblini; sulphucet nf antimony. It is easitr 
decttmpused by a decree of huat a little hiu;her tliKn that at which it 
was formed, and iodine is detnched m vajnuir. 

Phosphorus and Indhie combine a,t the temperatur'c of the atmo^' 
phere, Bccoi-dini;to5irH. Davy, evolvinj^ much heat, but no light; but, 
ACCOrilinE tu Thenard, with a disengagement botJi nf li^ht and heal. 
'iTie result is a phosphuTPt of ioflitip, nf a reddish bi-own colour, the 
Mlidity, fusibility.and volatility of which vary witli the proportions of 
ita io^redients. If both llie phosphorus and iodine are dry, no ffns is 
riven out during their combination; but, when slightly moigtened, hy- 
anodic acid is formed, by the union of iorline with the hydi't^ea 
of the water; a litlle su I iphosphu retted hydrogen is produced; and 
phosphorous acid remains in solution. The hydriodic acid gas is also 
formed, when tlie phosphuret of iodine, produced from dry materials, 
U added to water. 

Potassium and Iodine. — ^Potassium burns in the vapour of iodine 
with a pale blue Hghl, and without tlie disen^gement of any gas. The 
Wibstancc praduced is white; fusible at a red heat; and soluble in 
water. It has a peculiar acrid taste. When acted ujjon by sulphu- 
ric acid, iodine is set at litwrly. The same comfiound is otilained.by 
heatJng potassium in hydriodic acid gas, which is decuiii|iosed, and 
fields half its volume of hydrogen gas. Tu this compi>und Sir H. 
Davy has g^iven the name ot iode nfpotttasium, the term ioje bein" a 
generic one for the compounds ot iodine with the metils and other 
combustible bases. Gay Lussac has proposed the name of iodure; but 
it is more conformable to analogy with the similar compounds of osy- 
gen and chlorine to give, to the combinations of iodine with combusli- 
Ele bases, the appellation of iodides. 

When iodide of potassium, silver, mercury, or lead, is heated in 
chlorine gas, iodine is expelled, and hence the affinity of chlorine for 
those metals surpasses that of iodine. Sulphuric acid extricates some 
iodine, and occasions a protluction of hydnodic and sulphurous acids. 
Oxalic, acetic, sulphurous, and phosphoric acid have no action ou the 
iodarets. 

Iodine and Alkalies. — When iodine in vapour is passed over ignited 
hydrate of potash, ox^en is disengaged, and a com^iound is formed, 
precisely similar to that which results from the combination of iodine 
and potassium. Hence the affinity of iniline for potassium exceeds 
that of oxygen; and the sanie raav be said of several other metals, 
Vol. II.— D 
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Ihouifli not of all, tlieir osiiles beitij; ilecoitiposed by iodine. From mb- 
cnrliontite of potash, it Uinpiacus two volumeB of carbonic acid and one 
of oxygen. 

When iodine is tliitiwri into a mndRiately strone; aoltifinn of potash, 
rendered pecfettly cituslic, it is diasolvud; and, during ilH soiulioit, 
cijiitals fall down, wliicli may be obtained abundantly, by saturitting 
the liqnid with ioiline. To obtain these crystals nuva, tliey must be 
waRhed with alcohol of a specific gravity, between .860 and .9*30. 
'I*)iey are sparinslv soluble in water; have a taste Llitu hyper-oxyinuiiate 
of potash; deflagiaLe widi charcoal; and when heated ^ve nsy^n 
gas, and ioilide of jnttasBium. Willi sulphuric acid, they ail'urd iodine, 
oxi^ni nnd aulpliatc of potash. 

The liquid, which has ceased to yield tl\ese ci'ystals, altbi'ds, on 
evaporatinn, a salt idetiti^-al wit", iodide of potassium. , In this cttse^ 
Sir H- Davy iniagines the potash is decuLn]wscd; one part of it com- 
binea with iodine, and the. oxyaen, thus set at libBrty, unites with the 
other part and with iodine, in his view, therefore, the deflagrating 
aalt is a tnple compound of osygen, iodine, and potilKiiuin, and is call- 
ed Ml oayiude; but Gay Lussac supposes that die iodine is oxy^ 
Dated, and fonns an acid, which he calls iodic acid; and that tiiw, 
uniting with potash, composes iodote of potash. By acting with 
iodine on solution of barytcs, a sindlar compound .was formed with 
that earth, which, when deeoinpo*od by sulphuric acid, gave, he snp- 
poses, a mixture of tl>at acid witli iodic acid. But tlie product, ut 
this case. Sir H. Davy has since shown, is a compound of sulphuric 
acid w'ifh osy iodine, which will presently be deacribei!. 

Dry ammoniacal gas is absorbed by iodine without decomposition; 
the product is at first very viscid, and hag a metallic aspect; but bj 
an excess of ammonia, it loses these properties, and becomes of a very 
deep brownish-red. When iodine is added to liquid ammonia, one. 
part of it unites with the hydrogen of the alkali, and forms hydriodic 
acid, wliile anotlier poition of iodine combines wiih the azote, ami 
falls down in the form of a black powder. This compound of azote 
and iodine detonates with a very gentle heat, and even with the slight- 
est touch. 

Jiidiiie ohd Chlorine. — lotline absorbs less than oae-thiid its weight 
of chlurinc, and forms a per.ijiiar acid which may he called chloride, 
or cliloriudie acid, and its compounds diloriodates. According to 
Gay LussBc, indeed, two compounds result, the one of a fine orange- 
yellow colour, containing the largest proportion of chlorine, the otlier 
orange-red. Both nre solid and crystalline; deliquiate when exposed 
to tlie air; aie fusible into an orange licfuid; and give an orange-co- 
loured gas. The watery solution takes moi'e iodine, and acquires a 
deep cotour;but if agitated with chlorine, it is deprived of colour.and 
when poured in that state, into solution of potash, the deflagrating salt 
is precipitated. From liquid ammouia,tlie colourless liquid precipitates 
a white detonating compound ; but the coloured solution throws down 
the darker compound, which detonates on the slightest touch, and is, 
indeed, identical with that procured by the direct action of iydinc ou 
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ChlDriodic acid (or chlnrjire of turf, 
precipitetea tKe salts of iron, lead, I 
state of oKyiudes. 

It has been observed by Gay IjUssac, t'nat, in ord^r to convert the 
whole of a quanlity of alkali into tlic deilagrattng salt, without any of 
the hydiiodatc, (which otherwise is proihiced in ^reaier pro|ioition Itian 
th« oxyiode), it is necessary, first, to combine tlie iodiinr with chlo- 
rine; and, after dissoUiag the coinpuiiiid in water, to aaturati^ it with 
alkali. '' 

Iodine and Euchlorine. — Wlien iodine is eiposed lo curhlorine. 
Sir H. Davy has discovered,* that there is an immediate aetiun; ita 
cnlour chancres to briglit omn^e; and a lir|uid is riirmed. By the ap- 
pliuktionofageiitle heat, the orange coinpoimd of chlorine and iodine 
IS expelled, and a compound of osyi;eii ;iiid iodine reinaitis. Tliis sub- 
stance is a white eemi-transpureut solid; it has no smell, but a strong 
Kstiingent sour taste. Its specific gravity is such, that it siuka in auU 
pharic acid. 

Whou decomposed by heat iu u pneumatic apparatus, it is resolved 

into oxygen i;as and pui'e iodine; and it is, therefore, termed by Sir 

H. Davy, oxijiodine; by Gay Lusaac, acidic iiidigue anhifdre. Thir- 

^ teen grains afliirded 9,25 cubical inches of oxygen gas, = 0.14 grains. 
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■On the supposition that oxi/hdine is composed of five atoms of ■ 
oxygen anil one of iodine, the atom of iodine may be deduced to weigh 
117.t5, Now it is remarkable, that assuming hydriodic acid to con- 
sifitof oneatom of ioiline and one of hydrogen, the wei^t of tJieatom 
of iodiiMj is 117.77; for as .849 to 100 (tlie proportions in which hy- 
drogen and iodine combine) so is 1 to 1 17.77. If 10 represent tiie 
atom of oxygen, dien the atom ofiodine will weigli 150.62. 

Oxyiodtne is very soluble in water, and is lightly deliquescent. 
Its solution, called by Gay Lussac acide iodiguf, first reddens, and 
then destroys, vegetable blues, and reduces other vegetable coloui'S to 
H dull yellow. When evaporated suBiciently, it becomes a thick pasty 
eulffltance, and at length, by a cautiously regulated heat, yields oxyto^ 
dine unaltered. 

When heated in contact with inflammable bodies, or with the more 
combustible metals, detonations are pwduced. Its solution in water 
rapidly corrodes all the mclals, and ^Kn acts on gold and platinum, 
but especially the first 

When its solution is poured into solutions of alkalies, or alkaline 
earths, or when made to act on their carbimates, triple compounds 
are formed of oxygen, iodine, and the metallic bases, called by Sir H. 

* Pliil. Trans. 1815, pan ^. 



Diivy, KVJfoides; and by Gay Lu^hsc, it woulil appeal' improperly, lo- 
date*. VVitli solulion of ammonia, it cumposee ox^iuUc uf ammonia; 
and from tiie soluble silIU of li<irytea aiitl struntLt«s, it precipitates 
their reBpcctivt oxyiwles. Fiirtj-eidit grains i>i' (jxyiotle of" pntassium, 
when decomposeil l>y iieat, all'uideu Sir H. Davy 31 cubic inches, ^ 
10.5 grains ol oxygen ^is. 

OxyiiMJine enters into conilnnation wiUi all those fluid or solid acids. 
whkh it does not decompose. Sulphuric acid, dnipped into a satu- 
rated solution oFit in hut water, prtcipilated a Bolid, wlitch,Dncuoltiig, 
t'urtned rhonibuidai crystals oFa pale yellow colour. This compound 
is fusible; and, with a heat properly regulated, mu^ be sublimed unal- 
tered, ijydi'omtric and lijdrophosphoric acids altord analo^ug cora- 
pounds. Oxttlicand litfuid muriatic acids decompose it Allitsacitt 
combinations redden vegetable blues; dissolve t^dkl and platinumj 
and when added to alknliea or earthH, aftbrd common neutral salts, 
and tiieit respective oxviodea. Iii tlieir crystalline slate, the com- 
pounds ofoxyiodine ami acids are must probably hydrates; the acids 
carrying witli tliem, into cmnbination, their delinile proportion of 
water. 

For the watery solution of oxyiodine,S!r II. Davy has proposed the 
name of oxtjitidic acid, and is disposed to reguni it as a triple com- 
pound of ioiiine, hydrogen, and oxygen; or an oxyiode of hydrogen. 

Iodine aitdMeUit/i, — All the metals, witli the aid uf heat, unite witii 
iodine, and form iodes, lodidrs, or iodureU, arialu^us, according to 
Gay Lussac, to sulfihurets. When tliesti conipounds are placed in con- 
tact ivith water, it is deconi|iuHed, and a hydriodate of the respective 
metal is produced, the watt.'r furnishing hydrogen to the iodine and 
oxygen to tlie metal. 

ATtture of Iodine. — Iodine, from all that we yet know respecting 
it, is to be considered as a simple or elementary body, having a very 
striking analogy witli chlinjne, which it resembles, Islly, in forming 
one acid by uniting with iiydiogen, and a dirt'erent acid with oxygen; 
Sdly, in its ellectsunvegeti^le colours; Sdly.in its aftbrding, ivitli the 
fixed alkalies, salts which nearly approach in characters to chlorates 
or hyper>oxyinuriatest and 4thly, in its electrical habitudes. Its dis- 
covei'y, indeed, lends strong supjiort to that tlieory, which considers 
chlonne as a simple body, and muriatic acid as a compound of chlo- 
rine and hydroawi. In the property of formini; an acid, whether it 
be united with liyilroj^o or with oxygen, iodine bears, also, an anal<^ 
lo sulphur; and it is remarked by Gay Lussac of the combinations «f 
chlorine, iodine, and sulphur, with the elements of witter, that while 
the acids, which they respectively form witJi oxygen, have their ele- 
ments strongly condensed, t^e formed with hydrogen have their 
elements very feebly united, ^ilphur has the sti-oneest affinity for 
oxygen, then iodine, and lastly chlorine. But for hyflroMn, chlorina 
ha^ a stronger attraction than iodine, and iodine tlian sulphur; whence 
it apnears that tlie affinity of each of those bodies for oxygen is in- 
versely proportionate to its affinity for hydrogen. 

The source of iodine in natuvf- has been investigated willi miu 
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ftbility^by M. Craultier de Claubry-* His first experiments were di- 
rected to the analysis of the several varieties of Fucus, the combustion 
of which furnishes the soda of sea-weeds. Before these vegetables 
are destroyed by combustion, he ascertained that iodine exists m them 
in the state of hydriodate of potash $ and that calcination only de- 
stroys tlie vegetable matters, with which it is combined. As the hy- 
driodate of potash is a deliquescent salt, it remains in the mother fi- 
qaor, after separating the carbonate of soda, and most of the other 
nits, by crystallization. In the course of these experiments, M. de 
Clanbry found that starch is one of the most delicate tests of the pre- 
sence of iodine, and if added to any liquid containing it, with a few 
drops of sulphuric acid, iodine is indicated by a blue colour, of greater 
or less intensity. In this way, he detected iodine in the decoction of 
several varieties o( Fiiciis; but he was unable to discover the slighi>> 
est trace of it in sea-water. The Fticus Saccharinm yielded it most 
abundantly; and in order to obtain it by the cheapest and easiest pro- 
cess, he recommends that we should submit this fucus, dried and re- 
duced to powuer, to distillation with sulphuric acid. 



CHATTER XIX. 



OF THE GENERAL l^OPERTIES OF METALS. 

THE metals compose a class of bodies, which are not more inter^ 
esting from their application to the common arts of life, than froiii 
tiie facts which they contribute to the general principles of chemical 
science. Only seven or eight were known to the ancients; but the 
class has been enlarged, within the last century, by the discovery of 
more than twenty new ones. In addition to me recently discovered 
bases of the alkalies and earths, the following appear to have a suffi- 
cient claim to be considered as distinct metals. 



1. Gold. 
^ Platinum. 

3. Silver. 

4. Mercury. 

5. Rhodium. 

6. Palladium. 

7. Iridium. 

8. Osmium. 

9. Copper. 
10. Iron* 



11. Nickel. 

12. Tin. 

13. Lead. 

14. Zinc. 

15. Bismuth. 

16. Antimony. 

17. Tellurium. 

18. Selenium. 

19. Arsenic. 

20. Cobalt 



£1. Manganese. 
2£. Chrome. 

23. Molybdena. 

24. Uranium. 

25. Tungsten. 

26. Titanium. 

27. Columbium. 

28. Cerium. 



* Ann. de Chim. xciii. 75, 113. 
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Of a class cuinprtliendvng so many iniliviriuala, it ix nut easy to 
otIVr a genenil iicat:riptioni but it will be found timt tliey aic oU 
r.hHi'RclcrJscd by one or more of the following properties. 

1, With tl)e extcp'ion of tlie newly discovered bases of tlie alkalies 
and eaiths, Uiey are distiuguished by a liigh degi-ee of speciiic gra- 
vity; die lightest of the metals (telluriam) being considerably liesvier 
tJian the most ponderous of the eai'lhs. They aie, pertiaps, the only 
solid iwdies, whose specific gravity h affected by mediauical meaniji 
or, in other words, whose particles can be brought permanently iulo 
a sUkt« ni nearer approximation by external pressure. In curise'tuence 
of this property, several of the metals undergo material chauge-s in 
their specific gravity, by the mechanical operaliuns of rolling, b«i&> 
meiing, &c. It m»y be tiuestioned, whether the melals ai'e hesvieri 
in conseiiuetice of the greater speciiic gravity of their individual atums, 
or from a m'eater number of atoms being a^regated into a given 
volume. The former, howevei', is most probably the caue, tltough it 
must be ackaowl '?d^>;d that their speciiic gi'avity Is by no means ex- 
actli/ proportional to the weiglit of their atoms. 

i. They are opaque, at least in the state in which (hey generally ■ 
occur to our observation. Gold, however, beat into leaves l-SSOOOOtK 
of an inch in thickness, tntn^mils a faint gi'eeaish light, when held 
between the eye and the direct light of the sun. 

3. They possess various ilegjecs of lustre, and it is of 90 peculiar 
a kind, that it lias been termed by mineralogists the metallic luatr^ 
and referred to as a known standard in the description of other mine- 
rals. Some of the metals possess this propert^y m so remarkable « 
degree, as to he applicable to higldy ornamental purpOHSs. Polished 
steel takes place of all the metals in the perfection of its lustre; but 
some of the class (as cobalt and nickel) appear to be susceptible of it 
in only a smull degree. 

4. The metals^are excellent reflectors, not only of light but of calo- 
ric; and hence diev are the best mateiials for the composition of 
burning mirrors. I^i-om the esperinients of Mr. LesUe, they appear 
to possess this properly in the following oi-rier, Ilie higliest number 
denoting tlie greatest reflecting power. 

Brass Jftf) 

Silver 9f) 

Tinfoil 85 

Planished block tin 80 

Steel 70 

l,ead 60 

Tiidbil softened by mercury .... 50 

^ In general, the reflecting power was found, by Mr. Leslie, to be 
proportionate to the decree of poliah, and to be impaired by every 
thing that diminished this C|uulity. A tin refiector, for example, had 
its reflecting power diminished nine-tenths by being rubbed with sand 
paper. 

3. Metallic bodies are, of all others, the bast conductors of elcctri- 



CHAP. XIX, QENERAL PROPERTIES* 31 

city. Their property of electro-motion has already been described, 
in the chapter on the chemical agencies of electricity and galvanism. 

6. They are, also, excellent conductors of caloric. 

7. One of the most useful properties of the metals is their nnUlea' 
biliti^ or capacity of being extended by the blows of a hammer. In 
this (juality, gold takes place of all the rest The ffold-leaf, which is 
aokl in books, is so extremely thin, that less than nve grains cover a 
surface of about 272^ square inches; and the thickness of each leaf 
does not exceed l-282020th part of an inch. All the metals, however, 
are not malleable. Gold, platinum, silver, palladium, mercury (in its 
frozen state), copper, iron, lead, tin, zinc, and nickel,* are the only 
ones to which this property belongs. The rest, on account of their 
brittleness, were formerly called semi'metals. But since, even in 
these, a diminishing progression of malleability may be observed, the 
distinction, though retained in. common language, is very properly re- 
jected from chemical and mineralo^cal systems. 

8. All the metals that have been described as malleable (witli the ex- 
ception,^ perhaps, of nickel) are also ductile, or may be drawn out into 
wire. In this respect, also, gold appears to take precedence of the rest, 
for it may be drawn out into wire not tliicker than a human hair. 

9. Wires of the same diameter, but of different metals, are found 
to be capable of sustaining very different weights Tnis arises from 
their variable tenacity^ which is estimated by gradually adding weights 
till the wire is broken. From the experiments of Guyton Morveau, 
the following are the utmost weights, which wires of 0.787 of an Eng- 
Ksh line in diameter can support without breaking. 

lbs. decl. 
avnrd. parts. 

A wire of iron supports 549.250 

• copper 302.278 

• platinum 274.320 

' silver 187.137 

gold 150.753 

zinc 109.540 

tin 34.630 

lead 27.621t 

The tenacity of tin is greatly inferior to that of gold ; and lead has 
still less tenacity than tin, and even than some sorts of wood. 

10. Some of the malleable and ductile metals have, also, a high de- 
gree of elasticity. This property fits them for being applied to the 
mechanical purpose of springs. Steel and iron are, in this respect, 
superior to all other metals. 

Beside the circumstances of agreement in their physical qualities, 
which have been enumerated, the metals resemble each other, also, in 
their chemical properties. Some of these resemblances it may be pro- 
per to state, for the purpose of avoiding unnecessary repetitions. 

* Nickel on the authority of Richter 
t 71 Ann. de Chim. 182. 
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The metals, so far as we know at pf^sent, arc simple 6r elementary 
tiodies, anil may be arransed iit tlie class nr simple combustibles. 
They were formerly, indeed, considered, but on very insufficient eri- 
dence, as coinposeil of a coinbustlble base, peculiar to each metal, 
united wttli a pneral principle of inflammability, which received the 
name oi phlogiston. Wlicu tlie metals are exposed to a strong heat, the 
first change which is produced in them is tJiut they melt, or run into 
fusion. This effect takes place, in the different metals, at very diffe* 
rent temperatures. Some of tJiem may be made to boil, and are actu- 
ally converted i<ito vapour, at a beat considerably below iTdness; while 
Others require a very intense heat for flieir fusion. By a sufficient 
elevation of temperature, it is probable, however, that they would all 
be volatilized; for platinum. itself, which does not melt at a less heat 
than 170" of Wegdwood, has been observed to boil, when placed in 
the focus of 3 powerful burning lens.* In some of tlie metals, no fkr^ 
ther change is produced tjy the applicafion ofheat with the freeaccMB 
of air; and they return, on cooling, to their former condition. But 
ather metals underfra a very remarkable change, llieir cohenion, 
lustre, malleability, tenacity, and all the properties that have been 
described as char.ictei-istic of them, are destroyed. Though their aft- 
solvti wei|5ht is increased, yet they become spm_^cally lic;hter, and 
tliey are distinguished by a new tram of properties not oli^ervcd in 
(he metals themselves. 

These chances have been very differently esplaiiied, at different 
periods in thenistory of chi-mical science. On t!ie theory ofphlogis* 
ton, they were accounted for by assuming tliat the metals, during the 
process of exposure to air at a big^h temperature, alwridon their phli>- 
gistoo, which, it was supposed, unites with the air and renders it pkUt- 
gistieati'd, and consequently unfit for supportin;^ the combustion of 
other inflammable bodies. The hypothesis, liowever, could no loneer 
be maintained, when it was proved that the metals, so far from losinff 
weight, become heavier after the operation: and thnugh various a^ 
tempts were made, by modifications of the tiieory, to accommodate it 
to this fact, yet none of them can be considered as having been at all 
successful. 

The theory, which is now almost univeraally admitted, as best ex- 
plaining tliephenomenainquestion, though suKcsted by the hints fur- 
niahed by preceding discoveries, was first reduced to a systematic 
and consistent form by Lavoisier. The metals, according to the views 
of this enli^tened philosopher, undergo the changes that have already 
been described, in consequence of the absorption of oxygen fi-om the 
afr. Hence, while the metallic body becmnes heavier, the air, in \ 
which the process is performed, should sustain a proportional diini^ Li' 
nution of weight That this is the fact, admits of being demonstrated; " 
and still more readily and satisfactorily, if we employ oxygen gas in- 
stead of common air. A certain quantity of oxygen gas (or the whole 
indeed, under favourable circumstances) disappears; and the increase 
of weight in the metal is found, on examination, to be precisely equal 

- Annales dc Chimie, Ixii, 92 




OXIDATION OF METALS. 

^t or tlie gan which has been coailensc). In some cases, we rail 
n go farthrr: and si^parate the oxygen frnm tlic metal hy the mere 
ajiplicstJim ut' licut, (he oxygen beinj^ recovered in Ihc stale of gas, 
ami ihu iiistal ictuiniiig (« a metallic state. More Batisfactury evi- 
tlencc than this could scarcelybe required of the nature of tliecfiarii<;e 
which tnkes place; and U mav be adiuitted. therefore, as an establish, 
ed trath, tJiat metals lose tlieV metallic form, in consequence of tlieir 
Ci>inbinBti<)n with o:<ygen. The process has been called by Ijtvoisier 
a^idaiiuii, and the result of it an oxide. For the former term, how- 
ever, Mr, Cheneiix, influenced by reasons which are staled in hiH 
mirk on chemiual nomenclature, nas proposed to substitute timf of 
oxidizeiwnt. In the following pages, I shall employ butli tliese es- 
pl-eAsions indiscriminately. 

The plieoomena and results of the osidJzemeut of metals are nut 
the same in all cases, Imt differ very considerably with respect to dif- 
ferent metals. 

1. Some metals are oxidized by mere exposure to atmospheric air 
at the ordinary temperature, and even to air which hna been deprived 
uf its hygrometi'ic water. Arsenic, manganese, and the new metals 
discovered by Sir H. Dav^, arc perhaps the only ones which have 
lietfn proved to possess dus pi-operty. Othei's, it is true, as lead and 
copper, are changed by_ the action of the atr, but extremely slowly, 
and not without the conjoined operation of moistui'c. 

3. Other metals undergo this change, but not without a considerable 
increase of their temperature. Iron, zinc, copper, tin, fiic, when heat- 
ed to redness, lose their metallic lustre, and are slowly converted into 
variously coloured oxides. In some instances, the process is accom- 
panied witli so abundant an extiication of light and heat, as to exhibit 
a vivid inflammation. This happens, chiefly, with some of the volatile 
metals. Arsenic and zinc, for example, when projected into a red-hot 
omcible, emit a brilliant flame. In otJier metals, tlie process is uuac- 
conipnnied by any remarkable phenomena, and is known to have 
taken place only by its results. 

To convert the metaU into oxides, there is a degree of heat, which 
is pecaliar to each metal, and even to different oxides of the game 
metal. Mercury, for example, is oxidized, at a degree of heat, which 
produces no change on iron; and lead at one degree of temperature 
becomes minium, at another massicot. 

3. With the exception of mercuiy, the metals, which liave been 
cnUed perfect (comprehending, also, gold, platinum, silver, and palla- 
dium), are tiot oxidized, even by the combined operations of air and 
gf an increased temperature. Gold, silver, and other metals of tliis 
kind, may be kept for many days in fusion, without undergoing any 
change. That they have an affinity, liowever, for oxygen, and are 
even capable of taking it from atmospheric air, is proved by tlie effect 
of an electrical or galvanic battery. By the former, the wires of the 
|ierfect metals are, at the same moment, dispersed into smoke and 
oxidized; and by tiansmitting a powerful discharge, through any of 
the perfect metals beaten into thin leaves, tiic meial burns witJi a re- 

arkable degree of splendour. 
Vol. ri.— £ 
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4. All metalg, that are oxidizeil by atmtMipherical air, are still more 
i*«dily'oxidized by oicygen gas. Iii many cases a metal, which un- 
tlerftjoes tliis change slowly and inviBibly by the action «r air, takes 
fire in oxygen gas, and exhibits a bright inflammation. For example, 
it has already been sliown, that an iron wire may be entii-ely and vi- 
vidly consumed in oxygen gas. 

"nieBB are the most simple cases of metallic oxidizement. In or- 
der that the changes, which have been described, may take place, it 
is only necessary that there shonlU exist a stronger afQnity between 
oxygen and the metal, than between the oxygen and light (and per- 
haps the electricity) which constitute the gas. In other cases, the 
phenomena are more complicated, and the metal acquires oxygen by 
the decomposition of some other compound. Of these sources of oxy- 
gen, themost important, if not the only ones, are water, the acids, and 
Other oxides; or coiiipoutids containing one or more of these sub- 
stances. 

L Water gives up its oxygen to those metals only which manifest 
a jiowerful affinity for that basis, and, generally speaking, to those 
which are most efficient in decomposing' atmospherical air. The 
newly discovered metals of Sir H. Davy decompose it with a rapL- 
di<y, which amounts to actual inflammation; but, in general, die 
change is slow at common tern peiatu res. Iron tilings, lor example, 
when moistened with water, and confined in an inverted jar over 
mercury, become very gradually oxidized, and evolve hydrogen gas. 
But water, brought into contact witli red-hot iron, is rapidly decom- 
posed, and hydrogen gas is disengaged in torrenta. 

Water, it is observed by Gay Lussac, has the power of bringing all 
metals, on which it is capable of acting alone, to the same degree of 
oxidation as when assisted by the action of acids, sometimes to a 
higher de^e, but never to an inferior one. Thus water by itself 
oxidates tin to the iiMxi'mum, and iron and potassium to tlie medinw.; 
J)ut mingled with acids, it oxidates iron and tin to the mmimviiu 

II, All those acids in which oxygen has been proved to exist, antl 
espeqially those which Dr. Tliomson has called suvpoi-ters of combus- 
tion, and the neutral salts containing them, are efficient means of ox- 
idizing the metals. In general, the less strong the affinity of the acid 
base tor oxygen, the more rapidly is Ilie metal oxidized. "Those acids, 
that have not been proved to contain oxygen (except the oxymuria- 
tic, the presence of oxygen in which is stilla subject of controversy) 
are remarkably inert in their action on metals; and the same inacti- ' 
vity belongs to other acids, in which the oxygen and base arc held 
combined by a powerful affinitv. Thus concentrated sulphuric acid, 
at the temperature of tlie atmosphere, scarcely attacks any of the 
metals; because the oxygen and sulphur, of which it consists, forci- 
bly attract each other. On the other hand, the nitric and nitro-mu- 
riatic acids, in which there exists a lai^e quantity of loosely com- 
bined oxygen, readily abandon a part of it, and act on the metals with 
conaiderable enei^. Even the perfect melals are oxidized by the 
lost acid; and thus we obtain proof that the resistance, which the per- 
fect metals show to the action of oxygen gas, is not owing to tneir 





want of affinit}' for that basis, but to the prcdomitiaace of oihi 
pusiiig furccs. 

Smae of the aciJs, which do not, in tlieir concentiated state, act 
npon metals, ncquiie the power of oxidizing them when diluted with 
water. This is tiiie of the sulphuric and mui'latic acids^ to either of 
which, when concentiated, (re may apply iron or xinc, willtout any 
change ensuing. But on adding water, the metal disanpeare, and hy- 
drogen gas is abundantly evolved. Now it is a piinciple, to which no 
exception has yet been d iseov ere d, that a metal cannot, in its porfuct- 
Ij metallic state, unite with any acid. In order to be dissolved, !t 
must first be brought into the state of an oxide; and in the case which 
has been just now stated, no substance, capable of furnishing oxygen, 
is in contact with the iron except water. As an additional proof that 
water is, in this instance, the source of the oxygen, it has been ascer- 
tained that no portion of tlie acid is decom|josedi but that the same 
quantity of acid exists in combination with oxide of iron, as was ori- 
ginally submitted to experiment. 

By measurinir the quantity of hydit^n ffas, evolved in experiments 
of this kind, it is not diAicuU to calculate how much oxygen tiic metal * 
has actiuired; since every 100 cubic indies of hydrogen ^s indicate 
the transference to tiie metal of about IT grains of oxygen. Equal 
wmgbts of different metals evolve ditferent quantities of hydi-a^;en 
gps, in consequence of their combining with different quantities of 
oxj^en. If one metal, for example, in oitler to become soluble in sul- 
phuric acid, require 40 per cent, of its weiglit of oxygen, an<} another 
only 30 per cent, the former will disengage twice as much hydrogen 
eas as tlie latter. The same metal, also, in diffurent states, may evolve 
Hifierent quantities of hydrogen. If, for esamnle, the metal be already 
a little oxidized, it will set at liberty less hydrogen than if it were 
perfectly metallized. On this principle, ihe different proportions of 
real metal in several varieties of iron and steel have been investigated) 
(he most perfectly metallized iron yielding, of course, die most hydro- 
gen gas. 

The phenomena, observed during the solutiOD of a metal, and those 
Kttending the solution of its oxide, in the same acid, are essentially 
diBerent. For the most part, a metal is dissolved with effervescence, 
an appearance always occasioned by the escape of gas. Iron, it has 
already been stated, effervesces strongly durmg its solution in dilute 
suldiuric acid; but the black oxide of that metal is taken up silently, 
ana without any dischai^ of ^s. 

in. The metals may De oxidized by the transfer of oxygen, from 
other metallic oxides. Thus, when iron filings are distdled with 
the red oiide of mercury, the oxygen passes to tlie iron, and the 
nei'cury is reutved, or appears in a metallic state. In a similar 
manner, the oxides held io solution by acids, are decomposed by 
immersingi in the solution, other metals. When copper, for exam- 
ple, is inTmersed in a solution of nitrate of mercury (consistina; of 
ftjilde of mercury and nitric acid) tJic latter metal is depriv^ of its 
ox^en by the former, and appears on the surface of the co^er in a 
re-vivcd 8tatc. The nitrate of copper, which is thus producwl. is pre- 
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cipitnteil Itj iron, wlikli has a. sti'ungei- afGmty than copp< 
gL>ii. A variety uf similar examples iiiidit be given, in wiikh the pre* 
cipitnting metat tukes OKjrgeti fioni (Rnt which is precipitated.* In 
rases of (hia sort, it must ue cotircsaed tliat t)ie comparative affinities 
o( tlie ai;id for tlie (i.tidcs of tiie two metals have eume shai-e in the 
pllect, but much less lliiin the affinities of oxygen separately consi- 
ilercil. The predpitateil Toi^t"'! also, is seldom quite pure, but almost 
always contains a poition of tlje metal, which haa caused the precipt- 
Intion. 

From an attentive cxaminatioD of fauta of this kind, Lavoiaicr has 
iltnlaced the proportion of oxygen necessary to tlie solution ofdifier- 
unt metais, according to this analogy: ^a tht qiianlitg of tfte phecim- 
TAKT is to that of the pnEciPiTATBD mftal, so is the quantity of oxy- 
fi'en nectsmry Jar tlie sobition of the jireeivltated to that neceBaartf 
for the aoltrtiun of the preeipUant. TI1U8 it has been found by espe- 
riment tliat 133 grains of mCMury are necessary for the prccipiUtion 
of 1(H) grains of <ilver from the nitric acid. It is evident, tlien, that 
135 grams of mercury require, to become soluble, tlie same quantity 
of oxygen as 100 grains 01 silver; and, therefore, as 100 to 135, so is 
tlie quantity necessary to render soluble 100 grains of mercury, to 
tliat necessary for Uie solution of 100 grains of silver. Now eight 
grains of oxygen are necessary to the solution of 100 grains of mer- 
cury; and therefore 1U,8 grains are required for the solulioH of 100 
gi-ains of silver By an extension of tlie same experiments to other 
metals, Lavoisier formed tt table of the quantity of oxygen necessary 
for the solution of all the metals; but I omit giving it in tliis place, 
because subsequent discoveries have pointed out in it several ioae- 



Suiii are the principal means of eifeciing the oxidation of metals. 
DlRi-'rent individuals of the class. It has already been stated, combine 
with different proportions of oxygen; and it has been conceived by 
M. Frere de Montizon, that a i-elation exists between the specific gra- 
\ity of the metals, and ■the quantity of oxygen, with which they are ca- 
pable of uniting, the oxygen being eitlicr a multiple or submnltiple 
of the density.* Thus the specific gravity of inanainese being 7, ft* 
oxygen of tlie protoitide is by expeninent 28.1, which is veiy nearfy 
a multiple of tfle densily by 4. The law, however, cannot be con- 
sidered as 6«fficiently established. If it were to Jiold good univer- 
sally, it would indicate tlie existence of a relation between the den- 
sity of metals and tlie weight of their atoms. 

The same motal, it may now be added, is susceptible of ditTerent 
degrees or stages of oxidation. Iron, for example, when united wirfi 
osygen in the proportion of 29.,'; grains VfluO grains of metal, torn, 
poses a black oxide; and with 43,5 parts of oxygen to 100 of inetali 
it constitutes a red oxide. Ihcse dilTerent oxkIcs of the same metal 
have Hot only different colours; but each of them is characterized by 
a distinct train of chemical properties, anil especially by dilfereiit 

• ■ Ann. de Cliim. el Phyii. vii. 7. rlwrnstmN Ann. jdi. 8. 



habitudes nid) respect to the scids. Thus the black oxide of iron 
rendiljr unites with mai'iatic nnd sulphuric acids ; but the red oxiili 
less ensily. Tiie salts with base of the first oxide afford a white pie 
cipitate with triple prussinte of potaah ; and none at all with the ^llic 
acid, or with sulphuretted hydropjen. But the salts, in which the iiim 
h at the maximam of oxidation, give a deep-blue compound with Uie 
triple pnis^iate, and a black one with the gallic acid. 

It is an interesting qncstion, whether tlie same metal is capable of 

uniting with oxygen, in all proportions between tlie maximum and 

miniinuia, or whether it does not ratlier combine with that principle 

" "B a few proportions only, between ivhich there are no intermediate 

""Inpounds. Are tliere, for example, only two oxides of mercury, the 

ttle, consisting of 100 parts of metal united with four of oxygen ; 

id tlie r^^, composed of the same quantity of metal and eight parts 

F oxyuenF The determination of this point reauires more precise 
Mid multiplied appeals to experiment, than have hitherto been madfl. 
But in a great variety of cases, where the question has been accurate- 
ly investigated, dittei'eQt oxides of the same metal do appear to con- 
tain oxygen, in proportioas which are simple multiples of each other ; 
and the fact will pi-obably be established with respect to all otiwr 
oxides, tt is by no means necessary, however, that tlie post^ible num- 
ber of Diiides of any one metal should be limited, as Proust has sup- 
posed, ti) two; for it is perfectly consistent with the atomic hypolhesis 
that tiicre may be three, four, or even a greater number. 

It liud been lung known that of different oxides of the same metal, 
the one which contains a larger proportion of oxyaen is capable of 
saturating mure acid, than the one which contains less. Two of tlie 
illustrations, which are given of this principle, a.re furnished by the 
muriates of copper and the muriates of mercury. Corrosive muriate 
af mercury is composed of the red oxide of that metal, united with 
nuiriatic acid; and tlic sub-muriate (calomel) consists of the black 
oxide, combined with the same acid. Now it is remarkable that, ac- 
cording to the experiments of Thenard, the oxygen in the red oxide 
19 just double of tliat in the black; and that the acid in the corrosive 
muriate is, also, precisely double that in the sub-muriate. Similar 
facta have been ascertamcd by Proust, with respect to the two mu- 
riates of copper, as appears from the following statement 

copper. 
The green muriate consists o*" 



\ 



copper. 
The white muriate of 

1.59 acicT. 



flOO c 

s of ■{ 24.57 

I 83.18 a 

flOO 
\ 12.S 
I 41.5! 
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i The same law appears, also, from the experiments of Sir H. Oavy. 
b hold good with i-espect to the oxides of potassium and sodium. Ta . 
pit principle, an important addition hits lately been proposed by Gny 






Lussac," and supported by a variety of illostrn lions: __ , 

ifiiantitif of acid, which di^frmt metals require far sataratiaii, if 
UireCt proportion to the guantitif iifvxygeli in (Aeir oxidti. Lej .._ 
suppose, for Qxample, that of any two metals, A combines with twki* 
as much oiLygen m 11; tbeu, a. given weiglit of the oxiiie of A will 
iieutnili-/.e twice as much of any acid as an equal weight of the oxide 
of B. 

The solubility of tlie melallic salts in water, it has been observed by 
Gav Lussac, bears a proportion to the (juanUly of oxyen in the OxiUeaj 
ana consequently to tlie quantity of acid with which tliat oxide is com- 
bined. Saltfi, in which the metal is at the minimuin of oxidatioii, ore 
^nerally those which are most insoluble. This is the fact with re> 
spect to the salts of lead, silver, and mercury; for these are metals 
which, at the minimum of oxidizemen^ take very little oxyi;en, and 
consequently very Little acid. Corrosive muriate of mercury, also^ 
which contains the largest proportion of oxy^n and acid, is nuich 
more soluble than the submuriate, in which boUi the oxygen and acid 
are present in considerable less quantity. 

An important law has been deduced by Berxeliust from the compa- 
rison of a ^reat uumberof facts; viz. timt in all neutral salts, the oxy- 
gen of the acid is a multiplication of that of the base by some entire 
number. The law, he apprehends, may be expressed mo!-e generally 
in die following terms. tFlien two oxidated substajices entur frtto a 
neutral canthinatlon, tke oxygen of that, vikieh, in 'a galvanic circle, 
would be attracted to the positive pole, is a multiplication, by an at- 
tire number, of tlie oxygen of that, which would be deposited at the 
negative pok. For example, 279 parts of protoxide of lead contjiin 
19.95 parts of oxygen, anJ saturate ItU parts of sulphuric acid, which 
contain 59.85 parts of oxygen. Now the oxygen of (lie oxide 19.35 
X 3 = 59.85, which is precisely tlie oxygen of the acid. The same 
coincidence holds good in a variety of other instances. 

There is a certain state of oxidatioii, peculiar to tlie different me- 
tals, in which they are most readily acted upon by the several acids. 
Iron and manganese, for example, at the maximum of oxidizemcnt, 
are altogether insoluble in nitric acid; but readily dissolve in it, when 
combined with a smaller proportion of oxygen. Even when once 
brought into combination with that acid, the oxide, by attracting a 
further quantity of oxygen from the atmosphere, or from any omer 
source, is separated in llie state of an insoluble precipitate. This 
principle explains the change, which Is produced in solutions of iron, 
by keeping tuem exposed to air. The oxides of iron and manganese, 
saturated with oxygen, are soluble, however, in the less oxygenated 
acids; for example, in the sulphurous or nitrous, winch first deprive 
the oxide of part of its oxygen, and then dissolve tlie less saturated 

Be9>ide tlie class of acids, which are the best solvents of the metals. 
^ilkaline solutions uut upon metallic substances. The water, which 

* Mfmolres d'Arcueil, ii. 159; or 37 PhU. fctog, 208. 
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! Sit alkali in solution, is decompoBed : its h^dragen la diwn> 
il, aaiJ its onjgen transferred to the mutil ; and the oxide, thui 
need, is takea up by the alkaline liquor. The o^cides read<r form- 
ed, arc also, in several cases, dissolved by liquid alkalies. VVhen a 
pure alkali is added to a metallic solution, the metal is precipitated 
^Ki,4K the State of an oxiile; but the precipitate la seldom quite free front 
^Eflkati, and tlie metallic oxide, in a few instances instead of appearing 
^HB^ separate form, is dissolved by the alkali. When alkaline carbo< 
^^^l^tes are employed instead of pure alkalies, for thr precipilation of 
lOietalHc solutions, the oxide combines with carbonic acid, and a)t[>earB 
■o the stale of a metallic carbonate. 

The compoundsof ammonia with metallil^ oxides are of more import- 
ance than thoseof the uther alkalies, and liave obtained tlie generic name 
of Ammoniubets. They may be formed, either by acting on the me- 
tals with liquid ammonia, the wat(^r in wliich is decomposed, and fur* 
nbhea a metallic n\ide, which unites with the alkali; or tliey may be 
produced, by exposing the oxides to ammoniacal gas, at the tempera- 
ture of tile atmosphere. At least fifteen oxiiles, or rather hydrated 
oxidee, may be brought into combination ivlih ammonia, viz. oxidea of 
z.inc; deutoxide of arsenir; botji the oxides of copper; oiide of siU 
\-er; triloxide and tetroxidc nt" antimony; oxide of tellurium; prot;- 
oxides uf nickel, cobalt, and iron; periixidc of tin; deutnxidc of mer- 
carv; and deutoxides of gold and platinum. 

TTiij amraoniureta are decomposed by a strong lieat; the oxysen of 
the oxide uniting with the hydrogen of the alkali, and the axoteof th« 
latter being set free. In some cases, as inlhat of ammoniuret of gold, 
this decomnosition is attended with a. loud explosion. 

The oxides, existing in metallic solutions, are decomposed by in- 

bmraablii substances. Light only is sufficient for tljc dccom position 

Ksomc of them. Hydrogen ^s, charcoal, sulphur, phoHphorus, and 

na compounds of hydrogen with the last three bodies, when brought 

*0 contact with the solutiuns of perfect metals at common tempera- 

|es, 4^ract the oxygen from the iKelal, and Occasion its appearanc* 

fs ntetftUic form. In this way, eeveral beautiful appearance* may be 

^uced, which will be described in treating of the individual me- 

Hie oxides tlicmselves are decomposed when exposed to a virai^ 

t in contact with hydrogen, charcoal, or phosphortis. Tlie twi> 

t, or Bubetances containing them, are chiedy employed for tlie de- 

RipOsilioD of those oxides, which occur a« natural productions. The 

ide, mixed with a portion of inflammable matter, is exposed to an 

tense heat; and, in order to obtain the metal in a coheieiit mas6( 

n the small grains which would oUierwisc be foi-niMl. some 

kitance is generally added, which is cajiaiile of being melted, and of 

lowing the metal to subside tiirough it. Substances of tliis kind are 

Bed Jtu-rfj, and tlie process is termed the rnnuai or redattion »( 

metal. 

^ If only«ne oxide had existed of each (oetal. it would have been 

'l»y. by applying tlie general principles of chemical oomenclature, to 
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have dUtingut^lied them by names suflicietitly expi'essive of their Q 
position. But as the rtetals are susceptible of several stages of oxid 
meat, it is difficult to find terme, vrWh sufficiently express tlie cha< 
ractcristic distinctions of the several oxides of the seme metal. The 
existence of only two oxides would hare greatly simplified their no- 
menclature; for, in this case, we might have applied tlie tenn oocide 
to tlie metal fully saturated ivith oityg:en, and of oxidiile to Uie com- 
pound at an inferior state of oxidizement, as has been done by several 
nf Ihe French chemists. In the present state of the science, nowever, 
this nomenclature h inadmissible; and the sAecttic name has been de- 
rived from some external character, chiefly from that of colour. Thus 
we have tJie black and red oxides of iion ; and tlie black and red oxides 
of mercury. In some instances, the denominations, which have beei; 
proposed by Dr. Thomson for the nietallic oxides, may be advantage- 
ously adopted. When there are several oxides of ihc same metal 
(supposing that tlie proportions of oxygen and metal In each are i]e- 
finite^ he nas proposed the terms jiTotascide, deutoxide, trifo^ride, &.C. 
signilyii^ that tlie metal is in its first, second, or third, stage of ojj- 
dizement. Or if two oxides only of any metal arc known, he suggests 
the appellation oi protoxide for that at the minimum, and oi peroxide 
for tliat at the maximum, of osidntion. 



A similar difficulty has been experienced, also, with respect to the 
neutral salts with metallic bases; for when difterent oxules of the 
same metal combine with a given acid, the resulting salts require to 
be distinguished by appropnate names. This has sometimes beeB 
done by prefixing the word oiygeni7,ed (or for brevity osy-) to the 
salt containing the most highly oxidized metal; as the muriate and 
oiy-muriate of mercury. The latter term, howevei', is improper; 
because, in strictness, it can only be applied to the compounas of 
osy-muriatic acid with difterent bases; wliereas what was meant to be 
expressed is merely a compound of ordinary muriatic acid, with mer- 
cury in its highest state of oxidizement. If the principle, assumed 
by Gay Lussac, should be contrmed by farther investigation {vix. 
tJiat the acid in metallic salts is proportional to the oxygen in the 
oxides,) it will be more easy to derive a specific name from the pro- 
portion of acid than from that of oxygen. Thus we shall have tiie 
muriate and submuriate of mercury. But till greater precision is 
acquired in our knowledge of this class of bodies, it may bcwell to 
continue to derive the specific name of the salt from some obvious 
ijiiality; as the green and red sulphates of iron, tlie while and green 
■muriates of copper, &c. 
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The following Table exhibits* at one view, the composition of most 
of the metallic oxides. 

Tabk showing the Profortions of Oxygen wUh which the Metal$ 

combine* 



Metals. 



Gold. 



Platinum 



Palladium 



Khodium 



Iridium 



SUver 



Copper 



Iron 



Tin 



Bisoondi 



No. of 
Oxides. 



1 

2 



1 

2 
3 



1 

2 



1 
2 



1 

2 



1 

2 



1 
2 



1 

2 
3 



1 

2 



1 

2{, 



1 'j 



Colour of 
Oxides. 



Brownish black 



100 of 

Metal take 

Oxygen. 









1 

2 



I 



Black 



Blue 
Red 



Olive 



Black 
Red 



Red 
Black 



Bhck 
Red 



Grey 

Whhe 



Tdknr 
Red 
Poce 



AAgrey 



Wiite 



V©i. IL— F 



10.01 



8.287 1 
16.38 5 



14.209 




■■■■I 



7.925 



4 
8 



? 



12.5 

25. 



} 



29i; 

44.25 



I 



13 j; 

27- 



I 



7J0 

nXfS 

15J60 



27. 



2iAt 



tvssa 



V^0 7 

27//> C« 

XT Jr. 5, 



Autlioritjr. 



Obcrkampf. 



Berzelius. 



Ditto. 



Ditto. 



Tennant. 



Berzelius. 



Thenard. 



Proust and 
Berzelius. 



BerztlAiiM, 



"m 



Oay 



Berzelitts. 



TtlplMtl. 



tj^ Lamm, 



tjll^*:fkM0^^ 



$>or/t^ik 



\ 't* I **' "^--^ 
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Metals. 


No. of 
Oxides. 


Colour of 
OsitJea. 


100 of 
Melsltukc 
Oxyg:en. 


Authoriq^^H 


Mu^ganes. 


2 
3 
4 


Green 

Bl'aek 


14.05 
28.14 -J 
43.16 J. 
56.21 5 


Dr-Juhq.^^H 
Derzelioi^^H 


Molj-bUeim 


■2 (^.i,l) 


Bliif 
While 


3S; 1 


Bucholzj^^^H 


Tellurium 


1 


Yellovrish 


20.5 


KUuroIh^H 


Tunjjsten 


2 C^id) 


BlHck 
Yellow 


«.■ ] 


BuclioU.^^^1 


tlraiiium 


1 


Khck 
Yellow 


.,: ] 


DiltD..^^H 


lltanium 


2 


Bloc 
lied 
While 


■■I 


VauqueU^H 


TmiUlum 




White 




.'^H 


Cerium 


1 
3 


White 
Fawn 


17,41 1 

26.115 5 


Hiainger^]^! 


Many of the metallic oxides have an attraction for water, whS^" 
they manifest by being soluble in it, or by reducing it to a solid, or 
gelatinous form. The soluble oxides are potash, soda, barytes.stran- 
titea, and lime; the deutflxide of arsenic, and the oxide of osmium. 
There are a few others, which are soluble in a very small degree, no 
excecdint; one-tliousandth of the weight of the water, viz. oxide of 
moIylKlena, deutoxide of mercury, tritoxide and tctroxide of antimony. 

J The compounds of oxides and water, in which the latter exists in a 

^^1 condensed state, are termed hydhates, or hydro-oxideb, or hybhox- 
^H osas. The hydrates of potash, soda, and barytes retain the water 
^^H whicli cunstitutea them such, at the temperature of Ignition, and it can 
P^F only, indeed, be expelled by bodies that have a stronger affinity for 
r tlie alkali or eartli. The hydrates of the remiiining earths are decom- 
posed by the heat of ignition. The hydrated oxides of Uie common 
metals are obtained, by adiiin^ a solution of pure potash, soda, or am- 
monia, to the solution of the oxide in sulphuric, muriatic, or nitric 
acid. The precipitate, washed repeatedly with water, is to be col- 
lected on a filter; and, if dried, the lieat employed must be as gentle 
as possible; for a slight elevation of temperature is sufficient to ex- 
j^^ pel the whole water, and to leave only an oxide. 
^^ The hydrated oxides are, for the most part, much more soluble in 
^H ftcids than the oxides. According to Berzelius, they are definite 
^H compounds, in such proportions, that the oxygen of the water is eiiual 
^H in weidit to that of the oxide. This principle requires, however, to 
^H be established by a greater number of facts. 


^^ 


^ 


^ 


B 


^B 
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Besides the important class of compounds, which result from the 
union of metals with oxygen, the metals are capable, also, of entering 
into combination with hydrogen, sulphur, chlorine, phosphorus, and 
charcoal. They afford, also, by uniting with each other, an interest- 
ing class of compounds called metallic alloys* 

I. The compounds of metals with hydrogen are neither nume- 
rous nor of much importance. When water is decomposed by cer- 
tain metals, at the same time that the oxygen combines with one por- 
tion, the hydro<^en, which is disengaged m the state of gas, takes up 
a minute quantity of metal. This is the case, in a small degree, with 
iron; still more with zinc; and most remarkably with potassium, ar- 
senic, tellurium, and selenium, all of which afford compounds, having 
several remarkable properties. 

II. The combinations of metallic bodies with sulphur have 
been divided by Vauquelin* into three classes, viz. 1st, the com- 
pounds of metals with sulphur, which alone are with propriety called 
sulphurets ; 2dly, the compounds of sulphur with metallic oxides, 
termed sulphuretted oaridesy and Sdly, those of sulphuretted hydro- 
gen with metallic oxides, which may be called hydro-sulphuretted 
oxides. 

1. All the metals, with the exception of gold, zinc, and tin, are, in 
their metallic state, susceptible of combination with sulphur. In order 
to effect their union, it is sufficient that one of the bodies be brought 
into a fluid state; and as sulphur is readily fusible, a very moderate 
heat only is recjuired for the purpose. Thus a mixture of 45 parts 
of iron filings with 15 of sulphur, or of 40 parts of copper filings with 
15 of sulphur, when heated in a glass tube, combines, the moment the 
fusion of the sulphur is accomplished. The phenomena are\ery re- 
markable, consisting in a sudden and bright glow, like that of intense 
ignition. During combination, however dry the materials may have 
been, it appears from the experiments of Mr. Clayfieldt that a quan- 
tity of elastic fluid is liberated, amounting to nine or ten times the 
bulk of tiie mixture, and consisting of sulphuretted hydrogen and sul- 
phurous acid. The former, probably, arises from the sulphur, and 
the latter from the metallic filings, which may have been partially 
oxidized by the process of washing and drying. 

In these compounds^ the properties of the metals cease to be appa- 
rent ; for the sulphurets are bnttle; have colours different from those 
of tlie metals; and, when artificially formed, are destitute of lustre. 
The quantity of sulphur, with^whicn different metals are capable of 
uniting, varies with each metal. The same metal, also, in some in- 
stances, is susceptible of combination with different quantities of sul- 
phur, and of aflbrding compounds, characterized by a distinct train 
of properties. Thus the compound of 100 parts of iron with 58 J of sul- 
phur is brittle and of a dark grey colour; has little or no lustre; and 
is attracted by the magnet. But 100 parts of iron with 117 of sul- 
phur form a yellow compact compound; of sufficient hardness to 

* Annales de Chimie, xxxvii. 57. 

t Note to Mr. Davy's paper on alkalies. (Philosophical TransactionfKlSQft.^ 
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strike fire willi steel; and having so much lustrp, as to have been 
often mistaken by the ignorant for gold. When ditferentaulphurets 
of the same metiil eaai, tlie sulphur, in tlioB« wliich contain the lat^r 
proportion, is an exact simple multiple o( the aulphur in those which 
contain the less. 

The following Tidile exhibits the composition of several of the b 
tallic auIphuretB. 



100 Parfs of UnUe with Sulphur. 



JluthnTihj. 



34.39 fierzeliu:^. 

8.a8r Ditto. 

16.38 Ditto. 

PalUaiuni .... 14.2(19 Ditto. 

Silver 14.9 Ditto. 

Copper 25.6 Ditto. 

Iron Ist . . . . . 58.75 Dittow 

2d lir. Ditto. 

Tin 1 at 27.234 Dr. John Davj'. , 

2(1 .54.5 Ditto. 

Lead 15.92 Berzclius. 

Nickel 1st ... . 51.5 E.Davy. 

2d .... 77. Ditto. 

Zinc 48.84 Dr. Thomson. 

Bismuth 22.52 Lagcrhielm. , 

Antimony '. . . . 37.25 Berzelius. 



67. 



Cobalt . . 
Molybdenum 

Metallic aulphurets can only be partially decompose d by heat: and 
though this assertion appears to be contratlicled by the effect of roast- 
ing these compounds; yet it is to be considered that the metals, when 
heated with the contact of uir, absorb oxygen, and thus lose tlieir aSl- 
nity for sulphur. The sulphuret of one metal may, in many instances, 
be decomposed by another metal. Thus when sulphuret of mercury 
is distilled with a proper propoii.ioD of iron filings, the sulphur passes 
to the iron, and the mercury comes over in a metallic state. 

Concentrated sulphuric acid* with the assistance of hcat,actsunoD 
metallic sulphurets, and is converted into sulphurous acid, which, 
being volatile, escapes. Metals which, in their separate state, were 
dissolved by dilute sulphuric acid, continue sensible to its action, after 
being combined with sulphur. When dilute sulphuric acid, however. 
acts on such compounds, instead of hydrogen gas simplj', we obtain 
sulphuretted hydrogen. It is chic^ the compounds with the mini- 
mum of sulphur, tliat produce this eBfect; for the super-sutphurets, or 
those containing a fftrther pi-oportion of sulphur, resist the action of 
this solvent 

* Bt-rllmllet, AniiaJes de Chiinie, 
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Micentrated murintic acid has no effect on sulptmreta ; tint the di- 
ll acts like tlie diluted Bulphuric Nitric add is decompHsed 
PiiJljr the metallic sulphurets; nitrons sis is disengaged; and salpliur 
is precipitated.* In this case, thougS all nitric atifl contains water, 
yet sulphuretted hydrogen is nut formed, because the acid fields it? 
ox^en more easily than water. 

sulphurets, composed of metals, which powerfully attract oxygen, 
and the oxides of which have moreover au affinity for sulphnric acid, I 
absorb oxygen from the atmosphere, and pass to the state of suiphatex. 
In this way most of the sulphate of iron is formed, which occurs in i 
commerce. But if the metal has either a stronc affinity for sulphur, 1 
or a weak one for oxygen, then the conversion into a sulphate do«M , 
not happen, as in the sulphurets of copper, antimony, and mercury.t -' 
The Bulphuret of iron containing a fnll proportion of sulphur resists, 
also, the conjoined action of air and moisture. 

S. In general, tlie metals have a atron^r affinity than their oxides 
fijT sulphur. But there are a few case^ in which certain metals arc 
incapable of combining with sulphur, till tlicy are brouglit into tlie 
state of o.tides. These are chiefly zinc, mercury, and manganese, the i 
compounds of which with sulphur may be caMed imlphurettfet oxidti^ 1 

Other metals, also, are capable of affurding similar compoumis; but 1 
in general their afRnity for sulphur diminishes, in proportion to Uic | 
quantify of oxygen which they Isold in combin,iliun. 

These compounds act on acids, somewliat differently from tlie a 
golphuret^. If the metal be only oxidized at its niinimnm, they yield i 
sulphuretted hydrogen with diluted muriatic and sulphuric acius, uni) 
Qitrous gas with nitric aeld. But in their perfectly oxidized state, 
(hey dissolve without etleiTescence, and the sulphur remains unal- 
tered. , 

S. Sulphuretted hydrogen enters into combination with ■& few of] 
the metals, with mercury and silver for example; but it Unites, in ge« 
neral, moie readily and permanently with tlieir oxides. From sucli 1 
compounds, the aulphuietted hydr<^D is detached in a gaseous state 
b>r gome concentrated acids, which seize the metallic oxide. Most uf 
the sulphuretted oxides, also, undei^o, in process of time, spontaneous 
decomposition, in consequence of the union of the hydrt^n and oxy- 
^n which they contain, and which, by combination, form water. When 
this happens, the oinde is partly reduced, and the sulphur unites with 
the deoxidized metal. Hence the same sulphuretted oxide varies in 
composition, accoi'ding to the period which has elapsed since its pre- 
parAtion. 

When we precipitate a metallic solution by sulphuretted hydrn^ea 
alane, or by its compounds with alkalies, we obtain either a metallic . 
idphurct or a hydro-sulphuret. In the first cane, the hydrogen of thtu 
" -'mretted hydrogen tikes all the oxygen of tlie oxide; and the si 



I Tauquelin, loc. cit. 

B Viuquelin asserts, however, (Ai 
'ws of manga/iese aiid if- —■'■ •'"■ 
Ic sulphurets iU'e fbnncd 



t BerlhoUyt, kjc, cit 356. 

v- Je Chim. et Phya. v. 6.) tho 

decomposed by aul[i!iur, luid iliut ipui 
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phur forms a fmt su1|iliuret witli the reduced mct&L In the s 
case, tlie Bulphuretted hydrogen imites directly with the oxide, _^ 
out decomposing it, and its proportion 'n aucn that the liydrogen R 
safBcient to saturate all the oxyg;en of the oxide. Tlie quantity of 
hydrogen, then, wliich is desti^oyed, or may be destroyed, dep^ids oa 
the slate of uxidizcment of the metal, and so also does the quantity 
of sulplmr. Now if metals, as appears probable, are susceptible! aS 
uxtdalion in onlj' a few determinate degrees, it follows tliat by piw 
cipilations of this kind, we may obtain metallic sulplmrets with fix«d 
proportions, which may be easily calculated from the known quantity 
of tisygen in the uside, and the known composition of Bulphurett^ 
hydrogen,' Thus the law of fixed proportions will be extended to 
the compounds of metals with sulphur; andanotherstep will beraadtv 
towards establishini; the important general principle in chemical plu- 
losophv, which has been so ably illusli-ated, iu otiier cases, by Mr. 
Dalton. 

4. Hydropiui'ctted sulphurets of metals and their oxides may be ob- 
tained by precipitating metallic solutions with the hydroguretted sul- 
phur^^of alkalies, in sulphuretted oxides, it has been observed by 
Bcrzfflis,t tlie o:iy!:en of the oxide is to the hydrt^en of the buI|^d- 
retted hvilrnsien, [ireciselv in the proportion necessary to constitute 
water. ''I'he abides of afl metals, he adds, which have for oxy^n a 
areater aflinity than hydrogen has, may unite with sulphuretti^ liy- 
drogen. In the compounds, tiius produced, the metal,sulphur, hydro- 
gen, and oxygen exist in such proportions, that the oxygen is precisely 
sufficient to change the eulphur into acid, the metal into protoxide, 
and the hydro^n info water. But if the affinity of the metal for 
oxygen be infermrto that of hydrogen, the oxide is then reduced, and 
water and a sulphurct are generated. Tims the alkalies, tlie earths, 
and protoxides of zinc and manganese, afibnl, with sulphuretted hy- 
drogen, saline combinations; but the oxides of lead and copper are 
decomposed by it. 

It had been generally supposed that metids, which have a great afG- 
nity for owgi;u, and which decompose water (as maManese, iron, 
zinc, uratiium, nickel, cobalt, &c.) are not pr'ecipitntcd from tlieir so<^ 
lutions, by sulphuretted hydrogen, except witli the concurrence of 
double amjiities. Gay Lussac, however, has shown} that the catYi> 
pounds of these metals with the 'veaker acids (as tJte acetic, lurtarici 
and oxalic) are decomposed by sulphuretted hydrogen, and produce 
hydrosulphurets of the respective metals. Wlien a still weaker ant- 
vent of the metal is employed, the decomposition is more easily effect- 
ed. Thus the ammoniuiets of iron, nickel, &c. are enlii-ely decom- 
posed by that gas; and this furnishes an excellent process fur obtaiiw ' 
lug pui-e hydi-osulphuretsf forthealkalinehydrosulphurets,commoRl« 
employed fur this purpose, are almost alwa^ contaminated witli stil- 
phur. Those metals, which arc not precipitable by sulphuretted hy- 
drogen, become so, when acetate of potash is added to their 8olutiun«, 

• Gny Lussac, Mimoires d'Afcucil, ii. 175. 
t 79 Ann. de Cliini. 129. 
t 80 Aim. dc Chim. 305. 
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III. All the metals are susceptible of combination with chlorine 
or oxymuriatic acid. When exposed to the gas in a state of minute 
division, produced either by filing or beating them into leaves, they 
combine with it, for the most part, witli the appearance of combustion. 
But silver, lead, nickel, cobalt, and gold, unite with chlorine, without 
the extrication of heat and lidit. 

The results of these combmations are differently explained in the 
old and the new theory. According to the former, the metal attracts 
oxygen from oxymuriatic acid gas; and the oxide unites with the mu- 
riatic acid. According to the new theory, the metal unites directly 
with chlorine; and the combustion is produced not by oxidation, but 
merely by the intensity of chemical action. Consistently with the 
former view, the products of the combustion should be called mu- 
riates. Conformably with the latter, we may eithei", with Sir H. Davy, 
designate them by terminatirig the Latin name of the metal in ane or 
anea; or (which 1 should prefer) we may give them the appellation, 
chlorides $ or, as Gay Lussac has proposed, that of chlorures or c/ito- 
rurets. 

From the greater number of metallic oxides, chlorine expels the 
whole of the oxygen and takes its place; and when muriatic acid gas 
is made to act upon them water appears, and compounds are obtain- 
ed resembling those formed by tlie direct union of the metals with 
chlorine. 

Chlorine combines with the metals in different proportions, which 
are expressed in the following Table of the result of experiments, 
carefully made by Dr. John Davy. 

Decl. Dec], 

Metals. Grains. Fts. Grains. Pts. 

Copper 60 + 32.77 . . Chlorine = Cuprane. 

67 + 67.20 . . Ditto = Cupranea. 

Tin 55 + 33.40 . . Ditto = Stannane. 

-f- 67.00 . . Ditto = Stannanea. 

Iron 29.5 + 33.60 . . Ditto = Ferrane. 

+ 55.50 . . Ditto = Ferranea. 

Manganese. . . 28.4 + 33.60 . . Ditto = Manganesane. 

Lead 97.2 + 33.80 . . Ditto = Plumbane. 

Zinc 34,5 + 34,40 . . Ditto = Zincane. 

Arsenic. .... 21.9 + 33.6 . . Ditto = Arsenicane. 

Antimony . . . 42.5 + 34.60 . . Ditto == Antimonane. 

Bismuth .^. . . 67.5 + 34.20 . . Ditto = Bismuthane. 



rV. Iodine, when heated with the metals, combines with all of 
them, and forms a class of compounds called, by Sir H. Davy, iodes, 
and by Gay Lussac, iodures or iodurets. Supposing iodine in its 
general habitudes mosf to resemble sulphur, then the latter term is 
uie most appropriate. But if iodine, as seems probable, has a closer 
analogy with chlorine, its compounds with metals and other combus- 
tible .bodies, should be called iodides. They are all insoluble, ard 
when placed in contact with water decompose it; hydriodic acid and 
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Kii oxide of tlie metal are formed; and these last, uniting 
compose a hydriodatc. 

V. Several metals have ui affinitj for phosphorus, and form a clop 
of compounds called metaluc PHospHunETs, The best method of 
eflucting this comhinatiiin !s to expose llic metals to heat, in contact 
with phosphoric acid and charcoal. The charcoal deprives tlie phos- 
phorua of oxygen; and tlie de-Dsygenized plioBphorus unites with 
the metal. Metals, however, that have a strong affinity for oxygen, 
decompose the phosphoric acid, and unite witli its base, witliout the 
intervention of charcoal. The metallic phosphurets have not hitherto 
been applied to any aseful purpose; and it is sufficient, therefore, to 
refer to the description of them by Pelletier, in the first and thirteenth 
volumes of tlie Annales de Ckhnte. 

VI. The compounds of metals with carbon are called oarbuhbts. 
That of iron and carbon, the properties of which vary according to 
the proportion of tlie two ingredients, is the only one of importance. 
It will be described in its proper place. 

VI(. file metals are, for the most pait, capable of uniting with eacll 
other. For tliis purpose, they require to be brought into a stat« of 
fusion ; and, even when melted, considerable care is necessary to form 
,a permanent compound. If one metal is considerably heavier tliail 
the other, it is apt to sink to the bottom of the fluid mass. Nothing 
can show this in a more striking manner, than a fact which has beea 
slated by Mr. Halchett. He found that when gold, which has been 
melted with a proportion of copper or other metals, is cast into ban, 
the moulds for wliich are placed vertically, the lower part of the bar 
contains more gold in proportion than t!ie upper part- 
There are a few of the metals that do not unite by being fused tiO> 
gether. This is the case with lead and iron; but even in such case& 
we are scarcely, perhaps, entitled to deny all affinity; for some of the 
metals, which were formerly thought incapable of combination, liAve 
tjeen made to combine by circuitous processes. This is tJie fact witA 
respect to iron and mercury.* 

In the new nomenclature, the word alloy is retained as a general 
term for all combinations of metals with each other; and the spedfic 
name is derived from that of the metal, wliich prevails in the com- 

Sound. Thus in the allot/ of gold tvith silver, the gold is to be un- 
erstood as bein^ in greatest proportion; in the alloy of silver i«ift 
gold, the silver is the principal ingredient. The compounds of nier< 
cury with other metals, at a very early periwl of cliemisfry, were 
called AMALGAMS, Bnd as the name does not lead to any erroneous 
notions, it may still be retained to denote this sort of alloys. 

The metals in general are capable of uniting with each other in un- 
limited proportions; but in a few instances, it appears probable, 
thougli, it ia not absolutely proved, that they unite in certain propor- 
tions only. 

This proposition has been ably maintained by Berzctius, as well as 
by Dallon. Potassium, the former obBer\'es, gives with mercury twv | 

' Aikin, in PlulosDphical M:ig^zine. 
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^^HEti as the other. The arbor IHanie U atlehnitecompoiinil vf^Ter 

V^^ra loercury • When zinc and copper are dUtilled together, a certain 

qnnntitj of ztDC comes o^er, but the rest cannot be raise*! by heat. 

^niiii & fused mixture of Bnttmony, iron, and copper wnth much tin, 

netaiiic crystals separate on cooling, conOtining fixed pruportians vf 

" **» component metals. Whenever, indeed, the new compound lias 

fpportauity of separating from the fused maes, it appears to be 

' 'n estu>lished proportions. 

jfiy combination. Hie metals undergo a considerable change of pro- 

— '} acquire new ones, not observable in die scjiarale me- 

* The specific gravitv of an alloy is seldom tlie mean of tliose of 
Kcanponent parts. Thus an alloy of silver with copper or tin, or 
oae of silver or gold with lead, has a "r^ater than the mean specific 
gnvit^. All alloy, also, of silver wifli mercurr, (houvh the former 
mcUl is specifically ligliter than the latter, possesses so much ac- 
tjnired density as to sink in quicksilver. In other cases, on the con* 
toary, tlie specific gravity of the compound falls short of the mean of 
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mponents, or there appears to be a degree of dilatatian, 
alloys of gold witli copper, iron, i*r tin. To estimate es- 
■'«veV. either the increase or dinuoution of density, requires 
n lo several circumstances.' 

irtHity and malleability of metals is generally changed by 
■ ■::; and, for the most part, tliese qi^ities are im»aired. 
» tuetals, which separately are both malleable and ductile, 
ered brittle by corobinatioo. This is very remarkably the 

__.i an alloy of gold and lead, the latter of which, even in the 

tntrial proportion of half a grain to an ounce of gold, renders the alloy 
— ^■■'- destitute of tenacity; and an alloy of platiunm, copper, and 
though eminently ductile and maJlealile, is rendered brittle .by a ■ 
tity of ii-on not exceeding half a grain in four ounces of the alloy .t 
such cases, it has been supposed that a true chemical union does 
^t tnXe place, and that the newly added metal is merely mechani- 
callv iiiierposed between the particles of the odier, tlie cohesion of 
wliiili i( thus impairs. This explanation, however, can scarcely be 
adiiiitii^il as satisfactory; and, among other ar^ments in proof of the 
existence of chemical union, it may be remarked, that gold is ren- 
dered brittle by being kept in fusion in the vicinity of melted tin, tlie 
vapour of which it seems capable of atlractine. 

3 The hardness of metals is varied by combination. Gold, by com- 
bination with a small quantity of copper, and silver by a minute pro- 
portion of the same metal, acquire such an increase of hardness that 
flwse additions are always made to gold or silver which is to be ex- 
posed to weae. By a small addition of gold, iron is said to gain so 
math hardness, as to be even superior to steel for the fabricatioo of 
cutting instruments. 
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4. Change of colour is a cummnn efTett of the combiDauon of me- 
ia\s. Arsenic, for example, which resembles steel, and copper whicK 
has a red colour, oflbrd a compound which has nearly the whitenew 
of silver. 

5, The fuaibility of compound metals is different from what might 
have been infcn-eil from that of their components. Platinum, for ex- 
ample, is rendered easily fusible by arsenic, and a compound of lead, 
tin, and bismuth melts at a temperature below that of boiling water, 
though the most fusible of the three (bismuth) requires for fusion a • 
much higher degree of heat. This is the principle of soldf.TS. 

6, Metals have tlieir volatility increased by being combined wiih 
dther metals, which are more volatile (ban themselves. Gold, sepa- 
rately, requiresan intense heat for its volatilization; but when an amal- 
gam of gold with mercury is distilled, a (juanlity of gold passes over 
with the quicksilver. 

7. By chemical union witli each other, the metals l.avc their ten- 
dency to combine with oxygen considerably increased, partly in con- 
sequence of the diminution of their cohesion, but partly, also, perhaps, 
inconsequence of tJicir forming a galvanic combination. Lead, when 
amalpimated with mercury, is oxidized by merely shaking the com- 
pound with water. Lead aud tin, melted together, squire such an 
increase of affinity for osygen, tliat, at the moment of combinatjoo, 
they actually inflame. By the oxidation of either ingredient in any 
of Uiese alloys, the compound is destroyed. The oside of lead, for 
csample, separates from mercury in the form of a black powder. 
Hence, also, a pellicle of oxide is generally observed on the surface 
of melted solders, which is rcneweoas soon as it is removed. 

S. TKesolubilityofmetalsin acids is modified by their comlHnatiati 
with each other. When gold is alloyed with a small proportion of silver, 
the latter melal is protected from the action of the nitric acid, and in 
order to render it soluble in that acid, it is necessary to raise its pro- 
portion to one-fourth the weight of the alloy, which constitutes the 
process of «unr(«(iuw. In a similar manner, in order to render tin 
capable of.licing entirely dissolved out of an alloy of that metal with 
antimony, it is necessary tliat it should constitute SO parts out of SI 
of the alloy; in which case Uie tin is wholly dissolved by boiling with 
muriatic acid, and the antimony is left untouched.* 

From a comparison of the resemblances among metals, both as to 
physical and chemical properties, several arrangements of them have 
been formed into smaller classes. Besides the subdivisions, which have 
been already mentioned, into noble and base metals, and into entire 
metals and semi-metals, other classifications have been contrived. 
Fourcroy has proposed to divide them into five orders. I. Tlie brit- 
tle and acidifiablk include four species, vix. arsenic, tungsten, molyb. 
dena, and chrome. 2. The brittle avd niuply oxidiMible are seven 
(nickel having been transferred by Rjchter to a ditlerent class), vix. 
, titanium, uranium, cobalt, manganese, bismuth, autimonv. and telluri- 
um. 3. The metals, that are oxidixuble''mid imperftcthj ductile, ara 

• Cbwdet. Ann. de Ch[m. et Flijs. lii. 383. 





ml xiiic. 4. Tlie duetile and easily ux'dixabU arc lin, lead, 
copper. 5, The very dtatile awt dij^aUt of axidixement 
lilver, go}a, palladiuin, and platinum, 
k better arrangement, however, appears to me to be Umt which has 
I proposed by Dr. Tliomson, in the tliird eilitlun of his System of 
mistry.* He divides the metals into four classes. The rmsT 
ns compreheods the malleable metals, whlcli are fourteen in liuut- 
d riz. gold^lalinum, silver, me'rcury, palladium, rhodium, iridium, 
liam^goppcr, iron, nickel, Un, lead, and zinc. The second class 
ludenie briltU and easily fused, vix- bismutli, antimony, tellu- 
n, selenium, and arsenic. The tbied class, metals that are iri(- 
tie and di^ciiltly fused. These are cobalt, mHn^nese, chroma, molyb- 
dtna, uraaium, and tungsten. Tbe kolhih class aie called rtfrac' 
tary •m^taU; because they have never yet been exhibited , in a per- 
ieclly metallic form, but ahvat-s in combinntiuii witli more or less 
aXTgew. These are titanium, columbium, and cerium.t In thii order, 
I shall now proceed tu describe the individual metals. 
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To obtain gold in a state of . 
solved in three of nitro-muriatic 
nhric, and two muriatic acids), 



purity, one part hy weigh! may be dis- 

ic acid (composed uf one part br wei^t 

s). To the clear liquid, a solution of 

green sulphate of iron must be added. The ^Id will be precipitated 

ID the state of a fine powder, and, after being washed first with di- 

^^Wted muriatic acid, and then with distilled water, may be either pre- 

^^^Mied for solution in powder, or fused intn a mass. 

PI 



I prefer this arrangement to the one adopted by the same mithor In the 
edition of hia valuable work, because in tlie lulter, bodies are removed 
the cbsa of metals, which are closely allied tii ibcm in their external as 
well as in their chemical characters. Thus arsenic, tellurimn, and osmium, are 
placed, alongwith hydrogen, carbon, Stc. among' aeidlfiable bodies, Beraelius 
tiai divided the metals into two classes; thoae that are capable of fbmung' 
adds, and those that act as bases. This classilicatioii, however, is liable to tile 
objection, that telliiniim when oxidized (and probably selenium) serves both 
as an acid and as a base. Oji the whole, it appears lo me, tliat what may he 
oiled a natural arranB-cmenl of the metals is, in tlie present slate of our know- 
ledge, preferable to one founded on tbeir chemical resemblances. 
— -"- Tanialum has lately been shown hy Dr. Wolluston to be identical v 



I. The extei-nal qualities of fEold are the followinK: 

1. It lias an orange or i-pdHiali yellow colour; and may be bi-ought 
to assume a degree of lustre inferior only to that of aleel, platinum, 
silver, and mercury. 

3. Its specific gravity varies a little according to fKc mechanical 
processes which it has undergone; but it may be stated, oii the ave* 
rage, at 19.5. 

3. It exceeds all other metals in ductility -ind malleAility, and 
be beaten into leaves l-2a0000th of ■*■■■■ 



tliicknesa. |i -^ BM 
It is cotisiderably tenacious; for a wire only rS-llJOtmis of'^MEfl 



inch diameter will sustain a weight of 150 lb. 

II. Gold may be melted by a moderate red-heat; vix, at about 32° 
of WedgwwKl'a pyrometer. The intense heat of a glass-house fur^ 
BBce hasiio other effect than to keep it in fusion. And even expo- 
sure to Mr. Parker^ powerful burning lens, for several hours, occa- 
sioned no loss of weight. After fusion, it crystallizes in short quad- 
rilateral pyramids. 

III. Pure gold is notoxydized by exposure to heat with the access 
of air; but it maybe brought to the sUte of a purple oxide by trans- 
mitting, through gold leaf or wire, eitlier a powerful electrical or gal- 
vanic discharge. 

IV. Sulphuric, nitric, and muriatic acids have separately no evident 
action on gold ; but the last mentioned acid, Proust has obseiTed, by 
lone boiling with finely divided gold, dissolves a small portion. 

V. The proper solvents of gold are the oxy-mnriatic and nitro- 
muriatic acids. Oberkampf* prefers the former, because a purer Hioln- 
tioQ is obtained, and one which can more easily be had free from an 
excess of acid. Gold leaf, introduced into chlorine gas, takes S<m 
and burns. But if gold leaf be suspended in water, into which chlo- 
rine gas is passed, it is dissolved, »qi1 the nolution may be conc«n- 
ti-atcd b^ evaporation. 

To ilissolvi? gold in nitro-muriatic acid, Vauquelint reverses the 
usual proportions, and mixes two parts by weight of muriatic acid 
with one of nitric. Three parts of an aima regia so composed, are 
equivalent, lie finds, to four made with the common proportions. 

The solution of gold (in whatever way prepared) has an orange- 
yellow colour: but this, Oberkampf asserts, is owing to an excess of 
acid, and it passes to a bi-owiiish-red, as soon as the redundant acM 
is neutralized w expelleil by heat. The solution should, therefore, 
be evaporated to dryness, anil the dry mass (care being taken not to 
heat it too strongly) re-dissolved in water. The solution gives a pur* 
pie stain to the skin, and is susceptible of crystallization. 

Muriate of gold, prepared by the solution of the metal either in 
oxy-muriatic or nitro-muriatic acid, is decomposed by solutions of 
fixed alkalies, and yields a precipitate, which differs greatly in colour, 
according to the rircamstonces of the experiment. If it has a fellow 
colour and a styptic taste, it is a sub-mariate. To avoid this, it is 
necessary to use a considerable excess of alkali, and then iJie prwU 
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ofa browniah-black colour. It is this wiiicli tibcrkampf 
■rs as the true o\'u\'e of ^Iil. U should be drieti witli 
;, for too much heat tin ve« oB'a [wit otite oity<teii. ITie precipi- 
tation or «;Dld from tt« bolution by alkalies appears, however, to re> 
quire rHruicrevnlaiialiun.* 

VI. This oxide is liecompijaed entiiely by heat, without passing 
through any iorerior stn^e of oxidation; oxy^n ^s comes over; and 
pare golil remaitis. The mean of Uiree experiments of Oberkainpf 
shows, that 100 parts of j^ld combine with tO^l osygen; but Iter- 
T^lius slates the oxypjen at 11.982. It is probable that tliis compound 
is the pprihride of gold, and that there is also a prvto.vidf, with half 
oa muchosygen as the fonner; but its existence has nut yet been de- 
monstrated, and at present we are acquainted with only one oiide of 
tbis metal. "If 00 other can be proved to exist, the ntom of gold must 
be eatimsted to weigh 75, for aa 10 to 100, so is 7.5 to 75. 

VII, It is necessary to observe, that (he entire decomposition of 
onuriatc of ^Id is not affected by the alkalies, and that the liquor 
holds ill solution a triple salt of ^Id, alkali, and muriatic acid. 

ViU. A solution of pure aminouia separates from the solution by 
nitro-muriatic acid an oside of gold, and a portion nf ammonia, uniting 
witii tliB oKide,' forms a compound which detonates very loudly in ft 
tie heat, and is termed fulminatine gold. 

obtain this compound, add a eoTution of ammonia in water, or 
pare liquid ammonia, to diluted muriate of gold; a piecipitate 
' sppear, which will be renlissolved if too much alkali be used, 
the liquor be iiltered, and wash the sediment, which remains on 
the filter, with general portions of warm water. Dry it by exposure 
to die air, without any artificial heat, and preseiTe it in a bottle, 
dvsed, nnt with a glass stopper, but merely by a cork. A small por- 
ef this powder, less than a grain in weight, being placed on the 
it of a knife, and heUl over a lamp, detonates violently. The 
»se temperature which is required is not known, but it appenrs 
exceed 250° Falirenheil. At the moment of explosion, a transient 
flash iii observed. The principal force is exerted downwards; and 
bence two or three grains, exploded on a pretty strong sheet of cop- 
ivill force a hole through it. Neither electricity nortksparic 
tl)e flint and steel are auffipient to occasinn its de'onatibtif bat 
'dightest friction explodes it, and serious accidents have happened 
- this cause. 
Ills detonation is explained as follows: FuUninaling gold is an 
le of tiiat metal, combined wiOi ammonia. When its temperature 
■raised, the ammonia is decomposed; the hydrogen of the alk»K 
,es with the oxvgcn of tlie oxide, and reduces tlie gold lit a ma- 
lic state; and nitrogen gas, and probably diiueou a vapour, are Itfae- 
id in a hi^ly expaiided state. The violent imT)ulse of these 
iform products, on the surrounding alinosphere, appears to be the 
iseof the loud noise lliat is occasioned by the explosion of t}iis 
ipound. A similar explanation may be applied to other lidnsi- 
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nating compounds orineUllic oxides with ammonia; sucli a3 ti 
silver anil mercury, which will be described hereafter. 

Filed a.lkalieB tlirow down, from nitro-muriate of ^Id, the 
oxide already alluded to. 

IX. 1 he solution of gold is also decomposed by certain combtM 
bodies, which attract the oxygen from t)ie gold, and restore it ' 
metallic state. 

(a) Into a dilute solution of muriate of gold, contained in a glass 
jar, put a long narrow slip of charcoal, and expose the ivliole to the 
direct light of tlie sun. The gold will be revived, and will appear on 
the charcoal in a metallic state, exhibiting a very beautiful appear- 
ance. The same change ensues witliout irght, if the solution be ex- 
posed to a temperature of 313°. 

(b) Moisten apiece of white taffeta riband, with the diFute solution 
of gold, and expose it to a cuirent of hydrogen gas from iron filings, 
and dilute sulphuric acid. The gold will be reduced, and the Hband 
will be gilt with the metal. By means of a camel's hair pencil, the 
gold may also be so applied as to exhibit regular figures, when reduced. 

(c) Tne same experiment may be repeated, substituting phoaphu- 
retted hydrogen for common hydrogen gas. The reatler, who wishes ' 
for a detail of various experiments of a similar kind, may consult tm 
Essay on Combustion, by Mrs. Fulhame, published by Johnson, Loii< 
don. 1794; and also Count Ruinford's paper, in the Philosophical 
Transactions, ireS, page 449. 

X. Gold is precipitated from muriatic acid, in a metallic form, by 
a solution of green sulphate of iron. This depends on the affinity of 
the protoxide of iron fur a fartlier quantity of oxygen, which it talces 
Tram the oxide of gold. 

XI. Wiien a sheet of pure tin is immersed in a solution of nitro- 
muriate of gold, the oxide of gold is precipitated of a purple colour; 
and, when scraped ofTand collected, forms the purple powder of Cas- 
sius, much employed in enamelling. Or the metallic salt, largely di- 
luted with water, may be put into a glass vessel with a few pieces of 
grain tin. In a short time, the liquor will become of the colour of 
red wine, and a very light tlocculent precipitate will begin to precipi- 
tate, leaving the liquor clear. This, when well washed and dried, has 
a dee^ purjde colour, and is the precipitate of CassiuH. The same 
precipitate is obtained by mixing a solution of gold with a recently 
made solution of tin in muiiatic acid. 

The composition and colour of the precipitates of gold, thrown 
down by muriate of tin at the minimum, have been shown, by Ober- 
kampf, to be very variable. The colour approaches more to a violet, 
as the salt of tin tears a larger proportion to that of gold; and the co- 
lour, communicated by the precipitate to porcelain, has the same varia- 
ble character. When the muriate of gold ie In excess, the precipitate 
has more of a rose colour. A violet compound was proved on analy- 
sis to contain 60 per cent of oxide of tin, and 40 of metallic golcl; 
and one of a fine purple consisted of 30J oxide of tin and 79 j gold. 

XII. Gold is precipitated from its solvent by ether, but the oxide 
of gold is instantly re-dissulved by the ether, and forms the ethereal 
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^^Hbtion dT gold. This soUtiou is ailvantaeieoiisly applied (o the gild- 
^^^pof steel scisaura, Uncete, and utherinBtruments, which it protects 
^^Imn rust with a very small expenditure of gold. 

XIII. When a current of salphuretted hydrogen gas is passe! 
througl) a solution of gold, a black precipitate falls down. This is a 
trge eulphuret of gold7 which gives up its sulphur on the application 
of heal. It is composed of 

Gold .... 80.39 .... 100. 
Sulphur . . . 19.61 .... 34.39 



100. 
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The sulphuret, thus prepared, is more unirorm in its toinposition, 
than that which is precipitated by oikaline hydro-sulnhurels: for 
these coDtnin a variable proportion of sulphur, which is tiirotva dowD 
alon^ with the gold. 

The sulphuret uf gold is soluble in hydra-sulr)huret of potash. Li- 
quid potash takes u|> a part, and leaves a yellow powder, which is 
metallic gold. The alkaline hydro-sulphurets do not dissolve gold, 
liowever minutely divided, till sulphur is added, when probably a sul- 
phuret of gold is funned, un which the hydiu-sulphuret is capable of 
acting. 

XIV. Gold may be combined with phtephonis, either liyjprecipi- 
t&tiitg its solution witli sulphuretteil nydrogen, or, as Mr, E. Davy 
discovered, by heating finely divided gold with phosphorus in a tube 
deprived of air. It has a grey colour, and a metallic lustre; is de- 
composed by the heat of a spirit lamp; and contains about 14 per 
cent, of phosphorus. 

XV. The methods of purifying gold, by the operationsof cupelling 
aLiid quartation, would lead into too long details. They are very per- 
spicuously described by La Grange, in the 44th chapter of his Ma- 
nyal; and in Aikin's Chemical Dictionary, article Gold. To tlie lat- 
ter work; to Lewis's Phdosuphical Commerce uf the Arts; and t9 
Mr. Hatchett's paper, in the Philosophical Transactions for 1803, t 
refer also for information respecting the alloys of gold with other me^ 
taSs. It may be proper, however, to add that ^lo, which is too soft, 
in its pure state, for manypurposes, has its hardness greatly increased 
by being melted or alloyed with a small proportion of copper. It is 
a singuTar fact, that some kinds of copper, which do not Uiemselves 
wpear defective in any respect, totally destroy the ductility of gold. 
This appears to be owing to the contamination of the copper with a 
very small quantity of lead and antimony, of either of which melals 
only about 1-I920th in weiglit is sufficient to produce this injurious 

dTect 

^.The dem^e of purity of gold is espressed by the number of parts of 
Mt metal, contained in 34 parts ofany mixture. Thus, gold, which, 
b S4 such parts (termed earats), contains 22 of the pure metal, is 
"'I to l>c 2a carats fine. Absolutely pure gold, using the sa 
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Platinum. 

I. PLvriNl'M, in the state in wliicli it reaches tliis GOuiitiT, is 
(ainiiiated by tlie pi'escnre of eight ur ten ullier subslatices; an 

fuct, is merelv an ore uf platiomn. It hail been iliscovered iu 

otiier places tfian Choco and Santa Fc, in South .'Vinerica, until aboui: 
two jeais at^Q, when Vauquelin detected it in some grey silver orea 
b-ora Bstremaduraj and, more latelj.it has been broiiglit iioinSt. JJo- 
inlnji^o, and from the gold niioes of Brazil. The general aspect of tlie 
ore of platinum is tliat of small giains or scales, of a white)' colour 
than ii-on, and extremely heavy. Various processes have been con- 
trived fur its purification;* but tlie one, wliich is tlic most »mp1eanil 
practicable, amiears to me to be thnt of Count Moussin Pouslikin, 
communicateil by Mr. Hatchett in the ninth volume of Nichnlstm]^ 
Jounial.t It is unnecessary, hcivever, to detail these processes; 
metal may now be haii, in a pure slate, at a reasonable price; 
other places, at Carey's, No, 182, Stmnd, London. 

II. Platinum has the following properljes: 

1. It is a white metal, resembling silver !q colour, but greasy, 
ceeding it, and indeed all other metals, in specific gravity, whicJi i»£V! 
be stated at 33or2Sruccordin«; to SirU.Bavy, at 21.3; and. acoorui: 
ing to Marquis ttidolfi, at 2S.63. It maybe di-awu into wli-e abtmt 
tlie aOOOthpart of an inch in diameter, and beat into veryfhin plates. 

2. It i^ extiemely difficult of fusion. It may be melted, howev^, 
by the blow-pipe, with the aid of oxygen gas. A globule, also, weigli* 
iiig 39 grains, boiled violently in thefocua of a lens about three feeti( 
lliameter;.!: and Dr. Claik, by means of the blow-pipe with compii 
o'nygen and hydrogen gaaes, has melted more tlian 200 grains 
tinuin into a single brilliant metallic globnic.§ 

3. It is not oxidized by the lonK-continued and concurrent 
nfheiit and m: To oblainlits oxides, we must have recoors 
circuitous process. The nitro-muriate of platinum is to be dccon^ 
posed by lime water, and the precipitate rc-dissolved in nitric acad- 
Phis solution being evaporated, and heated so as to drive ofi' the .act«J, 
a brown powder remains, which is the oxide of platinum at the tnoMi' 

• Sec Aikin's Diclionar)', itrtlcle Plstin 
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muin, and whtcli contains in 100 ports IS of otya 
very carefully heated, passes to a^en colour, ana loses sis parts 
of oxjgen, seven only remaining, combined with 93 of metal- It is 
proper, however, to state, that Sir II. Davydid not succeed in the re- 
peat) on of these experitnents. 

Berielius* describes two oxides of platinum. The protoside is pre- 
cipitated from the muriate by an eiicees of potash. 

Its colour Is black, and it consists of 



s oxide, ^^H 
is parts ^^1 



i 



Platinum 9-2.55 

Oxygen r.G.i 



The peroxide, according to (he same chemist, has been obtained 
only in combination. It is composed of 



^^1 



Platinum 85.03 

Oxygen 14.(17 



116.S8 



lie accuracy of this statement of the oxides of platinum has been 
ityected to by Mr. Cooper.t The protoxide of platinum was obtained 
by him, by pouring a perfectly neutral solution of mercury (probably 
in nitric acid) Into a dilute solution of muriate of platinum in hot 
%vater. The pcecipitate, a mixture of calomel and protoxide of plati< 
num, after being carefully washed and dried, was exposed to a heat 
barely sufficient to raise the calomel ; after which there remained an 
intense black powder. By distillation Mr. Cooper ascertained that 
this powder is composed of 100 parts of platinum -f 4^17 oxygen. 
If fiiis be correct, tlie atom of platinum must weigh 17*5, for 

4.517: 100:: 7,5: 175- 

Oq the oOier band, we have the testimony of Vauqaelin, that the 
oxide of platinum, obtained from the sub-muriate by means of aoda, 
contains between 15 and 16 parts i^ the hundred of oxy^n^ whUe 
the grey oxide, which enters into the composition of fulmmattiig pla- 
tinum, contains, according to Mr. E. Davy, 1 1.7 of oxygen in 100 of 
ihe o\idv. These discunlant results show that the subject requires 
farther investigation. 

5. Platinum has the property of u-eldtng,^ which belongs to no 
other metal but tliis and iron. 

• 87 Ann. dc Chim. p. 126, _^ ' 

JJourn. of Science, Etc. vol. lii. 
Ann. de Cliiin. et Phfs. voL r. 
% Twq pieces of wrought iron, raised tc 
• kind of Tarniah; and, when brouglit into 
by fcupiig:. ThiB is called the welding ol 
• Vol. 11.— H 
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'^£. It is not ftcted on by uny other acid Uiati the iiitro-murlatic and 
oxy-muinatic* Tlie Ibniier is beat adapted to eflect this solution. 
Sixteen parts of the compound acid are to be poured on one of the 
liiminatea metal, and exposed to heat In a glass vessel; nitroua gas 
is fli3en^ag^d,and a redd Lsh-colou red solution is obtained, which gives 
a brnwn stain to the skin. 

WheD this solution is evaporated, and heated to whiteness, chlo- 
rine gas is disengaged, and may be collected in a proper apparatus. 
The dry comnounif, investigated by Mr. E. Davy, gave 18.5 per cent, 
of clilorine; but this is considei*ed by him only as an approximation. 
From the experiments of Vnuquelin, it seems probable that beside the 
muriate, thtre are also two aub-muriates, of platinum.t But the pre- 
cise nature of these compounds is open to farther investigation. 

7. The muriate of platinum may be crystallised by careful evapo- 
ration. The salt has a very acrid taste, and is deliquescent It is 
decomposed by heat, clilorine ms is evolved, and an oxide of plati- 
num remains, which is reduced to a met^illic form by ignition with 
charcoal. 

8. The muriate of platinum has tlie characteristic property of be- 
ing precipitated by a solution of muriate of ammonia. By this cha- 
racter, platinum is distinguished from all oUier metals, and may bu 
separated when mingled with them in solution. The precipitate, 
thus obtained, is decomposed by a strong heat, and leaves pure pla- 
tinum. 

9. Muriate of platinum is not precipitated by prussiate of potash, 
nor by sulphate of iron. If any pi-ecipitate ensue, it is owing to the 
contamination with otiter metals. 

10. It is precipitated of a dark green colour by the gallic acid as 
present in tincture of galls. The precipitate becomes gradually paler 
by standing. J 

11. When pure potash is poured into the muriatic solution, a pre- 
cipitate ensues, which is not an oxide of platinum, but a triple com- 
pound of that oxide with the alkali and acid. With soda, also, it 
forms a triple combination, or suda-muriate. This is best obtained, 
by adding to nitric acid, in a retort, platinum, with twice its weight 
of muriate of soda, and applying heat till about four-Bfths of the fluid 
have come over. The remaining liquor foms, on cooling, fine pris- 
matic «rystals, sometimes four or five inches long; and eitlier reddish- 
brown, li\e titanium; yellow, like amber; or of a beautiful coquelicot 
colour.^ 

12. Muriate of platinum is decomposed bj ether, and an etherized 
solution of platinum is obtained; which may be applied to the same 
uses OS tlic similar solution of gold. It is diecomposed, also, by sul- 

* Mr. P. Juhnson has ahown that platinum, by bein^ alloyed with silver and 

Eold, is renck-rcd soluble in lutiic acid; {40 Phil. Mag. 1.) aiwl Mr. Cooper 
:is establiBhed the same t^ct respecting the alloy of pnitiiium with zinc and 
copper. (3 Joum. of Science, p, 119.) 

t Ann. de Cliim. et Phys. v. 274. 

t La Grange, ii. 272. 

§ Nicholson's Journal, Bvo. ix. W. 



{Curetted hytlro^n,* and a black powder is obtained, which becomes 
reddiah-brown with an excess of the precipitant, but reassuiucs its black 
colour, on exposure to tlie air. Its composition cannot be investi- 
gated easily, lor the sulphur passes so rapidly to the state of sulphu- 
ric acid, us, during the desiccation of the powder, to destroy the pa- 
per on which it was collected, \auquelin asserts liiat it is not a 
simple sulphuret, but a hydro-sulphuretted oxide of plaiinuru.t The 
direct combination of platinum and aulphur was found by Mr. E. 
Davy to give an infusible black powder, contai^ng about 16 ner cent, 
of BulphuTtt: Vauf|uelin formea it by heating 10 parts of (he triple 
muriate of ammonia and platinum with 20 parts of sulphur, or by a 
similar treatment of one part of finely divided platinum, with two of 
sulphur. He agrees with Mr. Davy as to tlie proportions of its ele- 
ments. 

Phosphorus and platinum may be united, either by passing phos- 

Kliuretteil hydrn^ninlo a solution of the muriate; or, according to 
Ir. E. Davy, they combine directly in exhausted tubes with vivid 
ignition. The result is a bluish gi'ey powder, infusible, and contain- 
ing 17 per cent of phosphorus. 

13. Platinum is acted upon by fusion with nitrate of potash and 
wilit nitrate of soda, and also with pure fixed alkalies. The latter 

E ruptirt^ diminishes considerablji the utility of platinum as a materia 
>c crunbles. 

14. The most delicate test of the presence of platinum is muriate of 
tin. A solution of platinum, so dilute as to be scarcely distinguisha- 
ble from water, assumes a bright red colour, on the addition ofa sin- 
gle drop of the recent solution of tin. 

15. Platinum combines with potissium and sodium, and aflords brit- 
tle compounds. It unites also widi most metals.§ In the proportiua 
of only one-sixteenth it renders ^Id pale; it amalgamates with mer- 
carr; nnd diminishes the fusibility of the fusible metals. lis alloys, 
however, have been but little investigated. 

16. A fulminating compound of platinum, analt^us in its compo- 
sition and properties to aunim fulminans, ha^ been prepared by Mr. 
E. Davy, by precipitating a solution of sulphate of platinum with a 
sli^it excess of pure ammonia.U The precipitate thus obtained was 
washed, and dried sufficiently to separate it from the filter. It was 
tJien put into a Florence fiasK witli a solution of pure potash, and tlie 
fluid boiled nearly to dryness. A quantity of water' was tlieii added, 
and the solid matter, alter being well wMhcd was dried for several 
days at the temperature of Sl^" Fahrenheit. 

The powder thus prepared hasdifierentshadesof colour, from a liglit 
brown to a dark chocolate, and even almosLjilack. One grain, laid on 
a thin sheet of copper, and heated to 400° or 4£0° Fahrenheit, pi*oduces 

• BerzeliuS. 

t Atin. lie Chim. el Phys. v. 263. 

t See his Memoii- on some of the Combinations of Platinum, Pliil. Mag 

TOl. Xl. 

^ See Ducet on tJie Allovs orplalinum witti S^vei'- S9 AJin. ile Cliin 
, t Phil, Tnms. 1817 
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a re|i<>i't louder tbun tlial nl' a ipistol, and the copper U ileeplv iiuU 
d. Like fttlinioating guld, it is Incapable of buiitg explaued bj | 
itssion. It appears to be a triple compound of oxide uf plati] 
ainmoiiia, and water. 

17. Platinum liaa been iLiscovei-ed by Dr. WollastoE to be _. 
markably slow conductor of caloric. When wjual pieces of sUl 
topper, and platinum, were covered with wax, and heated at one 
the wax was melted 3J inches on the silver; aj on the copper; 
1 incli only on the pljtinum. Its expansion by heat ia considerabl; 
leas than tliat of steei; which, between the temperatures of 
312°, is expanded about 12 parts in 10,000, whde tlie expansion of 
platinum is only about 10. Frain trials made liy Mr. Scott of Dublin, 
it appears to po^isess auflicient elasticity to be applicable to the uk^king 
<if pendulum springs for watches**' 
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SiLVEu m a metal, which admits of a de^e of lustre, infenor 
to that of polished steel. Its specific gravitj, atlei' being hammeri _, 
is 1031. In malleability, ductilHy, and tenacity, it exceeds all the 
metals, except gold. Its fusing point^as determined by Dr. Kennedy, 
is 22° of Wedgwood's pyrometer. By considerably raising this heat, 
it may be volatilized ; and, by slow cooling of the used mass, it may 
be made to assume a regular crystallii^d form. 

To obtain silver in a state of purity, Mr. Donovan recommends, 
that 340 grains of standard silver be dissolved in as much pure nitric 
acid of speciiic gravity about I.S, as will be barely accessary for solu- 
tion. This is to be filtered, and distilled water aliowed.to run throu^ 
the filter, until the fluids amount to two ounce measures. A bright 
plate uf copper weighiiu; upwards of 64 grains is to be immersed antt 
lrer|ucntly agitated in it. When the silver has entirely precipitated, 
which will very aooni happen, the clear supernatant liquor is to be 
poured otf, and the precipitate to t>e well washed with pui-e water. 
The silver is then to be boiled for a few minutes in liquid ammonia* 
It is then to be well washed with water and dned in a filter; after 
which, if req^uired, it may be melted in a crucible.t 

The chemical propertiea of silver arc the fallowing: 

I. Silver is difficultly iN^dized by the concurrence of heat and air. 
The tarnishing of silver is owine not to its oxidation merely, but to 
its union with sulphur, as Pry t nas satisfactorily shown. 

By transmitting a Galvanic or electric discharge through silver 
wire, it is oxidized; and by long exposure of silver to heat, with 

* Nipholson's Journal, Tsii. 148, 
t Ptm. MngT.tine, ilvli, 205. 



free «cce89 of air, it w at length converted into an olive-coloured 
glass. The oxide of silver may, also, be obtained by decomposing 
nitrate o( silver wltii solution of barytes; and, after washing the pre- 
cipitate sufhciently, heating it (o dull redness. It has an olive co- 
lour, and is composed, acconting to SirH. Davy, of 100 parts of silver 
uaited with r,3 oxyj^en, or, according to Dr. Wollaston, 7A. A larger 
[troportion of osygen is assigned by Berzelius, viz. 



Oxygen 



9^67 



J 00. 



11)0. 



1U7.9: 



No other nxide of silver has been ascertained to exist; but from 
ibe experiments of Mr, Fnraday, thgi'e seems reason to believe that 
ttia pellicle, which forms spontaneouisly on an ammoniacal solution of 
uxttle of silver exposed to the air, is a protoxide of that metal, in 
w^ich tlie oxj'gen is to the silver as 7.5 to i57A.' 

11. Silver is acted on by sulphuric acid, which, when assisted by ' 
heat, oxidiy.es and partly dissolves it. The sulphate of silver, how- 
ever, which is verv nseful as a test, is better prepared by dissolving 
in Buljihuric acid Uie carbonate of silver, precipitated from the nitrate 
by CArbouate of soda. It fuims small brilliant and needle-shaped 
crvitals, which require for solution a large quantity of water. 

IIL Nitric acid diluted with from two to four parts of water dis- 
BAlves silver with a disengagement of nitrous gas. If ,the silver bi- 
pure, tlie solution is colourless, otherwise it has a green hue. Ar- 
cordtng to Proust, nitrate of silver already saturated, if boiled with 
powdered silver, dissolves an additional quantity; and a solution is 
obtaineil. in which the silver is oxidized at a minimum. 'ITiis sub- 
nitrate, he observes, possesses difiei'eiit properties from the common 
one.t 

IV. Muriatic acid does not act on silver; yet this acid takes oxide 
of silver from others. Thus when muriatic acid is added to nitrate 
of silver, a white curdy precipitate falls down in great abundance. 
This precipitate is decomposed by light; for, when exposed to Uie 
direct rays of the sun, its colour becomes gratlually darker. (See 
clia|t.iv. part v.) If fused by a gentle heat, it forms a semi-trans- 
ffflrentmass of the consistence of hoi-n, called luna cornea, or horn f 
silver, or more ^ropuHy fused muriate of silver. 

The composition of fused silver has been variously stated. Ac- 
cording toGay Lussac 100 grains of silver combine witn 7.60 oxygeo 
and 35.71 acid. Other chemists have given diH'erent proportionsi as- 
appears from the following Table. 





AuJ. 




100 parts, accoitliiig lo Kmvan . . 


. 16.54 . . . 


Chenevis 


. 17. 






. ir.7 




Proust . . 


. 18. 




Dr.Mai-cet . 


. 19.05 






. 19.28 




— — Bei-thiiUet . 


. 1?.5 




Bcrzelius . 


. 19.035 





These difTei'cnces may, perhaps, in pai't, but not entirely, be»p* 
counted for, by the different states of dryness of the muriate of BiWer. 
A bundi-ed jj^ins, 1 have found, after being dried during twenty-four 
hours, at a temperature between 21 £° and 30t)° Fahrenheit, lose barely 
a grain by fusion. On the whnte, 1 should be disposed to consider thi 
deterrainationa of Morcet, Gay Lussac, and Berzclius, a& mo&t eatilkd 
to confidence. 

Muriate of silver is decomposed by fusion with desiccated carbo- 
nate uf swin. Mix one part of tJie former vitji three of the latter 
salt, and let the mixture be fused in a crucible. When cold, the 
silver win be found reduced at the bottom of the crucible; break the 
ma9B,and separate ^e metal. From 100 grains of the muriate, barely 
75 of pure silver are obtained. This is one of the be»t modes of pro- 
curin<; s'dver in a state of purity. 

V. Stiver combines with chlorine, when heated in that CT», atid a 
compound results, which, in composition, agrees with fiiai^ muriate 
of silver. AccordinEE tf the new theory of chlorine, it is, in fact, tc 
compound of that body and metallic silver; and it has, tlierefnr^ 
been called by Sir H. Davy, argentane, by Gay Iiussar, ehlorure »f 
silwr; but its appropriate name is chloride of silver. Sir H. Davy 
makes Ihe chlonae in this compound amount to 3A.5 per cent., and 
)00 grains should tlicreforc consist of 



Chlorine .... 24.5 



100. 



Dr. Ure finds that 100 chlorine combine with 307.5 silver," \»hicil 
scarcely ditlers from the foregoing statement. According to Dr. Maiv 
cefs analysis, 100 grains should contain 75 of silver, lor this is the 
quantity of metal in 80.95 grains of the oxide, taking llie oxygen at 
7.3 to 100 of silver. If this be admitted, 100 of silver will then b6 
saturated by very nearly 33.5 of chlorine. It must be obvious, that, 
in order to conveil the old statement of the composition of horn silver 
into the new one, it is only necessary, to suppose the oxygen taken 
from the oxide, and added to the muriatic acid, which gives tho quan- 
tity of chlprine. 

• Thomson's .Annals, x, 27r 



. A solution of niirate of silver slains animal Bubstances a deep 
Hence it has been applied to the stainioE; of human hair; bat 
thus employed, it shoulil be very macli diluted, and used with 
ejtreme caution, on accmint of its corrosive quality. 

White paper, nr white leather, when stained with a golution of ni- 
trate of silver, in tlie projjortion of ten parts of water to one of the 
salt, undergoes no charge in the dark; but when exposed to Ihe lieht 
of day, it gradually acqiiii-eB colour, and passes through a succession 
of changes to black. The common sun-beams, passing thi-ough red 
glass,»have very little effect upon it; yellow and green are more efiB- 
caciaus^ but blue and violet produce the most decidedly [wwerful 
HIects. Hence this property furnishes a method of copying paintings 
on glass, and transferring them to leather or pnper, The process is 
desciibed by Mr. T. Wedgwood, in Nicholson's Jaurnal, 8vo. iii. 167. 
By a similar process, ivory may be covered with silver. Let a slip 
I nf ivory be immersed in a dilute solution of pure nitrate of silver, till 
the ivory has acquired a bright yellow colour. Then remove it into 
a tumbler filled with distilled water, and expose it to the direct light 
of tJic sun. After two or three hours exposure,it will have become black; 
but on rubbing it a little, the surface will be changed into a bri^it 
luelallic one, resembling a slip of pure silver. As Wie solution pene- 
I trates deep into the ivory, the bright surface, when worn away, is re- 
placed by a succession of others. 

VII. Tiie solution of nitrate of silver, when evaporated, forms regu- 
lar crystals. These crystals fuse when heated ; and being poured, 
this state, into moulds, form the common lunar eaastk " 
tmte of silver, according to Froust, is composed of 




Fused ni- 



Stlvt 



64? 



' Thtsstatpthent, however, cannot be correct, as it assigns too lar^ & 
protmrtion of oxygen to the oxide, viz,. 8.6 to 100 grains of silver. 

VllI, Nitrate of silver is decomposed by other_ metals. Thus the 
antface of a plate of copper, to whicli the solution is applied, becomes 
plated over with sUver. The first part of the deposit, Gay Lussac 
finds, is perfectly pure silver. The latter portions contain an admii' 
hire of copper, which may be removed by a fresh solution of nitrate 
of silver. If a little mercury be poured into a bottle filled with the 
solution f}{ nitrate of silver, and the bottle be left some time undis- 
turbed, the silver is precipitated in a beautiful form resembling the 
branchcB of a tree, which has been termed .Srftor Oiante. The most 
successful process for obtaining this appearance, Baume assures us, is 
the following: Mix togetiier sis parts of a solution of silver in nitric 
acid, and four of a solution of mercury in the same acid, both com- 
pletely saturated. Add a small quantity of distilled water; and put 
the mixture into a conical glass, containing six parts of an anmlgaiu, 
made with seven parts of mercury and one of silver. At the end of 



some hours, there appciirB on tlie surface ol' Die atnal^un H preci|l 
in the form of a vegetation- Accoi-ding to Proust, liowever, this,) 
plicated process is (|uitc unnecessary; and all diat is requireil ff% 
thi-ow mercury into nitrate of silver very much diluted. A heautiful 
arbwizatittQ of reduced silver, he observes, will be produced witllout 
difficulty. 

IX. l-'lie solution of silver is decomposcil hy diarcuul, and by hf' 
drogen gas and its compounds. This may Ije slmwn liy ex|ii<riinentB 
precisely similar to tliose already directed to be made wiUi muriate 
of gold. A stitk of clean phosphorus, also, iiniuersed in a dilute so- 
lution of nitj-ate of silver, iu the course of a few days beionies beau- 
tifully gilt. 

X. Precipitate nitrate of silver by lime-water, and thoroughly edul- 
corate and dry tlie precipitate. Let this be afterwaixl put into a ves- 
sel of the purest liquid ammonia, in which it may remain for ten U' 
twelve hours. It will then assume the form of a black powder, from 
which tlie fluid is to be decanted, and tJie black substance left to dr^ 
in the air. This is tlie celebrated compound tervaeii fulminating Stf- 
ver, which detonates witli tlie gentlest li eat, and even with tlie slimi- 
est friction. It may be formed, also, by boiling any precipitated oxide 
of silver, fur a few moments, in a mixed solution of potash and am* 
mouia. The protoxide, however, described by Mr. Faraday, does 
not allbi'd it. When once prepared, no attempt must be made to 
enclose it in a bottle, and it must be left undisturbed in the vessel in 
«4iich it was dried. Great caution is necessary in the preparation of 
this substance, and in making experiments on it It even explode*, 
when moist, on the gentlest fnction.* 

XL A new detonating compound of silver, formed by a process 
similar to that employed in muking the fulminating mercury of Mr- 
Howard, has lately been ilescribedby l)eacotils.t It is prepared by 
adding alcohol, to a heatcil solution of silver in nitric acid, while tKe 
solution is yet going on. Considerable eifervescence arises ; tbe 
liquor presently becomes turbid; and a heavy, white, crystallijie pow- 
der falls down. Tbi«, when washed and dried, is the detonating sil- 
ver. Heat, a slight blow, or long continued friction, cause It to in- 
flame with a brisk detonation. Pressure alone is not sufficient unless 
very potverfut. If detonates by tlie electiic spark, and is set on fire 
with an explosion by concentrated sulphuric acid. Both in the pre- 
paration 01 this substance, and in experiments on its detonation, 
innch caution is nece^ary; and only very small quantities should be 
employed. This preparation was originally discovered by Mr. E. How- 
ard- in re])eating liis process, Mr. Cruickshank dissolved 40 grains 
of silver in two ounces of strong nitiic acid, diluted with an equal 
weiojit of water. Then by heating tlie solution with two ounces vf 
alct^ol, he obtained 60 gi-ains of a white powder,, wliich detonated 
violently. 

XIL A very useful solvent of silver has been discovered by Mr. 
Keir of Birmingham. It is formed by dihsolving one part of niti'e ia 

• See Count Sutnford's papers. Philosophical Transactions, 1798 
+ NichoUon's JoumiJ, iviii. 140. 



It eight or ten parts by weig;ht nf concentrated aulphuric acid. 

B compound (which maV be called nitro-mlphurie ocirf) when 

fi«ated to between 100° anj S(HI° Fahrenheit, dissolves one-fifth or 



leaves, untouched, anj copper, ^old, lend, or iron, with which the sil- 
ver may be combined. Hence it is a most useful ageiitin e^ctracting 
mlver from old plated a;oods. The silver may be recnvered from the so- 



lotion bv adding; mnnalc of echIh, which forms muriate of silver; anil 
this may be decomposed by carbonate of soda, in the way which has 
already been described, 

XIII. Phosphat* of silver is a comnounil of some importance, from 
its use in preparing chloric acid. To obtain it, crystals of nitrate 
of silver, may be di$!sotved in pure water, and a solution of phos- 
phate of soda be added. The neutrality of the nitrate of silver is des- 
troyed, and though the phosphate contains an excess of alkali, the re- 
Stilting: lii|Uor is acid. The precipitate is of a yellow colour. When 
iWMhed and dried, it is fusible at a red heat without any farther loss 

I eight. It consists, according to Berzelius,' of -^h 

Phosphoric acid . . . ir.OSo . . . KM. ^H 

Oxide of silver .... 82.9-5 . . . 487.38 ^M 

rv. Silver is acted on by sulphnrets of alkalies, ami by sulp|ju- ^^H 
]ti hydro|ren gas. Bi>th these substances blacken silverwhen ex- , 

posed to their (iperation; and the common tamisliing of silver by 
(jie atmosphere has been traced to a similar cause. Suiphuret of sil- 

Ihaa been analyzed by BcrzeIius,aDd found to consist of ^^ 

Si I ver B7.03S . . . . 1 OU. ^H 

Sulphur 1^068 .... 14.9 ^H 

100. 114.9 - '^1 

y. Silver is capable of being united with most other metals. ^^M 
en alloyed with copper, in the proportion of one part to twelve, ^H 
1t c.onstitntes the standard silver of this country. This combination, ^^M 
thou^ its colour differs but little from that of pure silver, is much ^^M 
barder, and better adapted for the purpose of coin, and of domestic im- ^^M 



pletnents. Silver of commerce is composeil of ST parts of fine silv* 
to 5 of copper; but the fine silver, being obtained by cupellalion, 
contains gold, which is left after solution by acids, either in the form 
nf purple protoiide, or black peroxide. 




I 



SECTION IV. 
MeTcurg, 

I. MKiirunr, or fjuicksUver, is the only one of tlie metals that i 
turns a fluid fonn &t the ordiaary lempuraiure of the atmosphere. 

II. When its temperature is reduced to about 39° or 40° below 
zero of Fahrenheit, it assumes a solid form. This ia a de^ee of cold. • 
however, tliat occurs only in high northern latitudes: and \n this cottn- 
try quicksilver can only be exhibited in a solid state by means of 
artiScial mixtures. By congelation it acquires an increase of its spe- 
cific eravity; and, tJierefore, unlike other metals, the congealed por- 
tion sinbs to Ihe bottom of a fluid mass of mercury. Its specific gra- 
vity, at 47° above of Fahrenheit, being 13.345, it was fuuna in- 
oTeased by congelation, in an expeiiroent of Mr. Biddle, to 15.613, or 
about one-seveiith. 

III. At about 660° of Falu-enheit (656° according to Ci-eighton) 
mercury boib, and is changed into vapour. Hence it may be driven 
over by distillatlon^and may thus be purified, thougli not accurately, 
from die admixture of other uietals. When its temperature is con- 
siderably increased above this point, the vapour a cijuires gi-eat expan- 
sive force, and the. power of bursting the strongest vessels. 

IV. Mercury is not osidizeil, when pure, at the ordinary tempera* 
lure of the atmosphere; but preserves the lustre of its surface un- 
changed for a considerable time. There are several methods, how- 
ever, by which it maybe brought to combine with oxygen. 

(a\ Mercury is oxidized by lon^ continued agitation in a bottle half 
filled with atmospherical air, and [s converted into a black powder.to 
which Uoerhaave gave the name of tthiops jifr Sf>. When this osida 
(which nay be obtained, with less trouble, by decomposing calomel 
with solution of potash), is distilled in a glass retort, o^ty^en gas is 
evolved; w if a modei-nte beat be long continued, it acquires a red- 
dish colour, and a still farther dose of oxygen. The black or protox- 
ide consists, according to Fourcroy »nd 'flienaid, if 100 parts of me- 
tal united with 4 of oxygen. The protoxide of mercury, it is asserted 
by Gulbourt, cannot be obtained perfectly pure; for when either pro- 
nitrate or protochLoride of mercury is decomposed bj potash, the pre- 
cipitate, even when excluded from air, contains peroxide of mercury 
and small globules of metal, the latter of which are discoverable by a 
magnifier. Nor can it be procured by triturating together the perox- 
ide and metal.* 

(b) Another oxide of mercury is obtained by exposing the fluid me- 
tal, for several days, to nearly its boiling temperature, in a flat glass 
vessel, into which sur is freely admitted. After a sufficient length of 
time, small flaky crystals tbrm on its surface, of a brownish red, or 
&SA colour. This red oxide was fo.-inerly called predpitute per sa.^ 

Phys. ii. 423. 




eti alone in a tt\&s» retort., it yields oxygen gas, and re- 
is to a metallic state. It ie composed, according to Fourcroj and 



Thenaul, of 100 metal and 8 of oxi 
oxygen to be eKQclly double that of' 
of 190 mercury and 7.5 oxygen, while the peroxide consists of 190 



oxygen. Sir H. Davy, also, finds its 
oxygen to be exactly double thatoft>ie /iroio.intff, which is compoged 



^^Mtal and 13 oxygen. I 

^^^F* Mercury . . 
^■^ Oxygen. 

^^^Knd the peroxide of 

^^^F Mercury . . 

HP Osjgen . . . 



clly duub 
md r.5 (1 _ ^ . 
3 oxygen. H«ncc the protoxide 



composed of 



It will be sufficiently near tlie truth, if we admit, with Dr. WollaB- 
ton, the black oxide to consist of lUU metal, united with 4 of oiygeti, 
and the i-ed of 100 mercury + 8 oxygen, llie latter number agrees 
with the eKperimcnta of tiuilmrt; and the osygen in the protoxide, 

Ki^lPlgh from his analysis it appeai-ed to contain 4) in 100 mercury, 
De safely taken at half that in the peroxide. This would make 
tom of mercury to weigh 175, for 
4 : 100;: 7.5: 175. 

Peroxide of mercury, Guibourt finds, is decomposed by long con* 
tinued exposure to light It is soluble in water, and communicates 
U> it tlie property of turning syrup of violets green, and of being pre- 
cipitated by sulphuretted liydrocen. With ammonia, the peroxide 
forms an ammoniurpt, decomposed by heat. 

V. Mercury is dissolved by hot and concentrated sulphuric acid. 
IVo parts of sulpliuric acid and one of mei'cury are the praportions 
generHlly used; and as strong sulphuric acid acts but little on iron, 
the combination may be made in an irun vessel. Part of the redun- 
dant acid may be expelled by heatg but still the salt retains a con- 
siderable excess of acid, and may be called super-sulphate of mercury. 
It is very difficult of solution, requiring 155 parts of cold or 53 of 
boiling water. By repeated washings witti cold water, the whole 
excess of acid may be removed, and the salt is rendered much more 
insoluble. 

When the super-sulphate is heated for some time, at a temperature 
exceedingthatof boiling water, it loses stilt more acid, and is changed 
into a hard grey mass. When this is removed from the fire, and 
boiling water poured upon it, a lemon-yellow coloured powder is 
ibrm(3 called Turbith Mineral. This substance requires for solu- 




tton SOOO limes lU weiglit of waler. One hundred parts c 
10 9ul|ihuric acid, 76 luercury, 1 1 oxygvn, and 3 water. 

VI. The nitric acid disaolvea mercury, Iwtll witli and without ti 
Bseistance or heat At the cunnnon temperature, but little nitrosa 
sas 16 evolved by tlip action of mercury or aitric acid; and the acid 
Becomes slowly satural«d. The solution U very jionderoua and 
colourless; and yifklB, by evaporation, Inrge transparent crystals of 
prtf-nitrate of mereury. The solutiim does not becoine milky when 
mingled with water. Pure fixed alkalies give a yellowish white 



But if heat be used, a brisK en^rvescence arises, occasioned by tlie 
eacape of nitrous gas, and a solution is obtained, in which the metsl 
is more highly oxMiixti, eonstitvUng per-nitratg ofmtnrcurif. When 
this solution is poured into cold water, a yellowish while sediment i» 
formed; or, if into boiling water, an orange coloured one. Both pre- 
cipitates consist of nitric acid, with a great excess of oxide, forming 
an insoluble sab-nitrate of nutreury. 

If the last mentioned solution be boiled witli a freah quantity of 
mercury, tlie newly added metal is tiiken up, without any rfia^ 
cliai^ of niti'ous Bts, the metal becoming oxidized at the expense of 
that already dissolved. 

When the.nitrale of mercury is exposed to a heat gradually raised 
!o 60D° or onward?, it is deprived of water and of most of its acid, 
and reduced to an oxtde, wliich has the form of brilliant red scalea. 
This substance, commonly called red precipitate, is termed more 
properly, the nitroariile ofmereury; liecause it contains a small pro- 
portion of acid. 

VII, Mercury is the basis of a new fulminating compound discover- 
ed by Mr. E. Howard. To prepare this powder, 100 grains (or a 
greater proportional quantity, not exceeding 500) are to be dissolved, 
with heal, in a measured onnce and half of nitric acid. The solutioa 
beii^ poured cold upon two measured ounces of alcoiiol, previoualjr 
inti-oduced into any convenient [^la^s vessel, a moderate heat is to be 
^plicd til! effervescence is excited. A white fume tlien begins to 
undulate on the surface of the liquor, and the powder will be gradu- 
ally precipitated on (he cessation of action and re-action. The pre- 
cipitate is to be immediately collected on a filter, well washed witfi 
distilled water, and cautiously dried in a heat not exceeding that of a 
water-bath. The immediate washing of the powder is material, be- 
Oiuse it is liable to the re-action of tlie nitric acid ; and while any of 
tiiat acid adheres to it, it h very subject to be decomposed by the 
action «f light. Fi-om 1(10 grains of meixury, about 120 or 130 of the 
powder are obtained*. This powder lias the property of detonating 
loudly in a gentle heat, or by li^t friction. 

VIII. There are two views under which we may regard the salta, 
heretofore considered as compounds of oxide of mercury with dif- 
ferent proportions of muriatic acid ; for it is possible that they may, 
in reality, be compounds of metallic mercury with dlilerent propoifc 

' Sue PLjloBopliical Transactions, 1800, page 214, 




•^mam/tniFw^ 



. Mer- ^M 

nuriatic j^l 



tioag of chlorine, (or wliicli the proper appellation is ehloriileS'. 
catT. according to the former view, (hough not acted upon by muriatic 
acid, may be brought into union with that acid by double elective 
afthiity. Thus when sulphate of mercury and munate of soda, both 
Well dried, are mixed and exposed ta heat, a combination of oxide <)i 
mercury and muriatic acid is obtained by aublitnation. This com- 
MKind IS muriate trfmereury.or the corrosive suhlimate ai the shops, 
rhe same components, witli a still faitlier addition of mercury, con- 
stitute an insoluble substance called sub-muriate of mercury or eato- 
meL 

The forrosive muriate requires 16 or 20 times its weigjht of water 
for solution; but is soluble in about one and one-eighth its weieht of 
alcohol. Us solution in water is decumjinsed by all the Hied allialiea 
and alkaline salts, which throw down at first an orange, and afterwards 
a brick red precipitate. 

Calomel, or tlic sob-muriate, is formed by grinding the muriate 
with about half its weight of metallic quicksilver, and then repeatedly 
subliming the mixture. As the new compouiul is nearly insoluble, it 
may be freed from any remains of the corrosive muriate by repeatedly 
washing with water. Fourci-oy and Thenard have given t!ie follow- 

Imparative view of Uie composition of coprosive sublimate and 
L „.,„... 
with a pale red flame. Tlie product is identical with corrosive 
sublimate, which, according tu Sir H. Davy, is a compouiul, not of 
iDurialic acid and oxide of mercury, but of chlorine and that metal. 
" ording to his experiments, calomel or pratocldoride of mercurif, 
OSts oT 190 mercury and 3S.5 chlorine, or of 



r 100. mercury. 

< 4.16 oiyeen. 

(_ 13.97 muriate acid. 

r 100. mercury. 

■j 8.21 oxy^n. 

(^ S7.S9 muriatic aciJ. 



Calomel 



Corrosive Muriate 



Mercury 85 . , ■ . 

Chlorine 15 ... . 

100 

i corrosive sublimate or perchloride of mercury. 

Mercury 74 . . ■ . 

Chlorine S6 . . . . 







The oxides of meitur^ are soluble in chloric acid^ and, as'U 

case with their combinations with chlonne, the salt formed wifli 

peroxide is by mucli the more soluble. When heated, they give riit 
osy^n ^,an(l are converted into pe i-ox id e of mercury and corrosive 
sublimate. Tliey may be called protoelUorate and dmlochlorate vX 
mercury. 

IX. The oxides of mercury are all reduced by heat alone, without 
the addition of any combustible substance, and ailbrd oxygen gns. 

X. Mercury dissolves gold, silver, tin, and many other metals; 
and if these be combined with it in sufficient quantity, the mercarv 
toges its fluidity, and forms an amalgam. ' A solid amalgam of leaOi 
and another of bismuth, on admixture tt^ether, have the singular pro- 
perty of instantly becoming fluid. Tlie extraordinary powers of^tbe 
base of ammonia in amalgamating with mercury, have already been 
described in speaking of ^at alkali. 

By combination with mercury, metals that are not easily oxidized, 
acquire a facility of entering into union with oxygen. Thus frold and 
^Iver, when combined with mercury, are oxidized by ablation in 
contact with air. This fact fiirniahes a striking illustnition of tlie 
effect of overcoming the aggregative affinity of bodies, in promoting 
chemical union. 

XI. By combination with sulphur, mercury aSbrds two distinct 
compounds. By long continued trituration, ttiese two bodies unite, 
and form a black sulphuret. When united tosetlier by fusion, and 
afterwards sublimed, they constitute a red sulphuret called cinnabar, 
which, when powdered, affords tiie common pigment vermilion. The 
process used by the Dutch, who have long been celebrated for t)ia 
preparation of cinnabar, isdescribed in the 4th volume of the JinnaU.f — 
ae Chemie, or in Aikin's Dictionary, vol. ii. This compound al«^ 
may be obtained by mixing concentrated solutions of muriate of mer-^ 
cury and liydro-suipliuret of ammonia. A brownish muddy precipi- 
tate is obtained, which, when left undisturbed, turns yellow in three 
or four days, then oi-ange, and finally acquires a beautiful cinnabir 
colon r.t 

If mercury, like otl»er metals, unite with twice the (quantify of sul- 
phur which it absorbs of oxygen, the proportion of ingredients an Hft 
sulphurets will be found by doubling tlie oxj^n of the oxides, M * 
diey will he composed as follows: -M 





Mercurj. 


Sulpliur 


jto-sulpituret . 


... 100 . . 


. 7.894 


r-sulphurct 


... 100 . . 


. 15.788 



The composition of the sulphurets of mercury has been iu 
^ted expenmentally by Guibert, with results very nearly apjw____ 
iDg to these theoretical quanti(jes4 ' The first he obtdned by actil^~ 



• Vauquelin, 95 Ann. de Cbim. 103. 
t Nicholson's Journal, 8vo, i. 299. 
4 Ann. de Chjm. et. Pbya. ii. 423. 
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ItKODITJM AND PALLADIUM. 



on calomel; and the second on corrosive sublimate, with sulphuretted 
tiydro^n. Both the resulting compounds were black; but the latter 
V/hn entii'oly r-onvertible into cinnabar of the usual colour by subli- 
matiuii. Analysis, by distillauon witli iron, showed them to consist 



turetted ^^1 
latter ^^| 



M fullot 



Prototaulphuret 
Pcr-sulphuret , 



Sulphu 



^or^^*^^ 



Rhodium and Falladiw». 

I'hb discovery of these two metals was made by Dr. Woluuton7 
^bo separated tiiem from the ore of pUtiiiuro, by the following pro- 
«ess. 

I. Rhodium. When a solution of t)ie Ore of platinum in nifro' 
knuiiatic acid lias been precipitated, as far as possible, by muriate of 
ammonia (see sect 3.) it still retains a considerable dt^ee of colour, 
varying witii the strength and proportion of the acids that have been 
employed in eftecting tlie solution. Beside iron, and a portion of the 
ammonia-muriate of platinum, it contains, also, other metals in very 
small proportion. 

i. Let a cylinder, or thin plate of zinc, or iron, be Immersed in the 
sdution. It will separate ail the metals that are present iji the stale 
of a black powder. Wash the precipitate (without dry ins it) with 
very dilute nitric acid, assisted by a gentle heat, which will dissolve 
(he copper and lead. Digest the remainder in dilute nitro-inuriafic 
acid; and to the solution, when completed, add a pitrtion of muriate 
of soda, equivalent in weight to about one-fiftieth the ore of platinum 
employed. Evaporate foy a gentle heat The diy mass contains the 
uuU* muriates of platinum, palladium and rhodium; the two former 
of which may be separated by alcohol, and the salt of rhodium will 
renVQ. Fi-om ita solution the rhodium may be precipitated by zinc, 
wbicli tiirows down a black powder, amounting, in weight, to four 
grains from 400 of the ore. 

3. When exposed to heat, the powder continues black: with borax 
it acquires a white metallic lustre, but appears infusible by any de- 
gree of heat. It is rendered fusible, however, by arsenic, and also 
Jjy gulpliur; both of which may be expelled by a continued heat; but 
the metallic button, thus obtained, is not malleable. 

3. The spcdlic gravity of rhodium, as near as it could be taken, 
H-as 11. 

4. Rhodium unites readily with all the metals that have been 
excepting inercurv. It docs not discolour gold, when alloyed 



I 
I 



I u-as ] 



r.xd^l 



5. Wlieii an alloj- of silver or geld with rliixlium ii ili^stetl in 
niti'Ic or nitro-munatic ackl, the rhuilium remains untouched; but 
whrni alloywl with three times its weight of bismuth, copper, or lead, 
each of these alloys may be dissolveil completely, in a mixture, b^ 
measure, uf two parts oiuriatic acid with one of nitric. The leau 
appears preferable, as it is reduced, by evaporation, tu an insoluble 
muriate. The muriitte of rhodium then exhibits tlte rose colour, from 
which tlie name of the metal has been derived. It is soluble in al* 

6, Rhodium is not precipitated from its solution by pnissiate of 
pntush, nor by muriate of ammonia, nor by hydrosulphuret of ammo- 
nia. The carbonated alkalies produce uo change; but the pure al- 
kalies precipitate a yellow oside, soluble in all acids tliat have beea 

Berzelius has ascertained tlie existence of three oxides of tiiit 
taJ, composed as follows: 

Metal, Omgcn, 

Protoxide lOU + 6.71 

Deutnxide 100 + 13.4'2 

I'ei-oxide 100 -(- 50.13 

ir. P-Ai.L«nii.iM. I. Thealcoholicsolution (1. t.jcnntains tlie», 
muriates nf palladium and platinum. The latler metal may be pre- 
cipitated by muriate of ammonin; and may be obtained from the re- 
maining liquid palladium, by the addition of prussiate nf potaaK 
which occasions a sediment, at first of a deep orangie colour, and 
changing afterwards to a dirty bottle green, owins. probably, to the 
presence of iron. The precipitate is to be ignited, and purided from 
iron, by cupellntion with borax. 

2. A more simple method of obtaininG; palladium lias since been 
nnnounced by its discoverer.* To a solution of the ore of rdatiniim 
in nitro-muriatic acid, neutralized by evaporating tlie redunilant acid, 
»■ by adding an alkali, and eitlier before or after the separation of (he 



ive beea 
Jie4i^ 



L 



ftatinum by muriate of ammonia, let prussiate of mercury be added. 
a a short time the liquid becomes yellow, and a Hncculeut preciptttte 
is gradually formed of a pale yellowish white colour, which la the 
prussiatfl of palladium. This, on being heated, yiehls the metal in » 
pure state, in tlie proportion of four-tenths or five-tenths of a grain 
from every liundreo grains of tlie ore. 

3, Vauqnelin has, also, proposed a method of separating rhodium 
and palladium from the ore of platinum. His process, which is leas 
gimF>le tlian the second method of Dr. Wollaston, is described at 
length in the 4th and 7th volumes of Dr. Thomsiin's Annals of" Phi- 
losophy. 

On examining some ore of olalinum, brought from tlie gold mines 
of Brazil, Dr. Wollaston has lately discovered in it small fragments 
of na(ii-i! palladium, which appear to be free from admixtuie widi 
every other metal, except a veiy minute portion of iridium. 



• Phil. Mag. utii. 272, or PLil. Trans. 1805. 




RHODIUM AND PALLADMJW. 
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&S^ent« differ from llie grains of platinum, 
lima, which are in soine dpsree divergent Tn 
nlemat character Dr. WolTastoD deem! " 
Hit metal iti sitimtions, where recuura 
aiBiit.* 

Mr. Cloud, assay master of Uie American mint, has, also, discover- 
»d palladium in a native alloy of gohl with that melal.t The alloy 
contained no oilier metal, and was perfectly free fruin its common 
■ ingredients, cupper and silver. 

Those who may wish to examine palladium, may now procure it in 
* tnetallic st^te at Messi-s. KnitrhtB', Foslei'-laiie, London. 
4. The following arc the properties of palladium: 
(ii) Its colour resembles tliat of plaUnum, except that it i« of a 
duller white. It is malleable and ductile. Its specific gravity varies 
ft^mi (0.973 to 1M82, Its power of conducting caloric is nearly 
^ual to that of platinum, which it ratiier surpasses in expansion by 
Heat. 

(fcj Esposed in an open vessel, to a greater degree of heat than is 
reciuired to melt gold, tiu oj^idizcment ensues; and nu degree of 
fusion takes ^lace. On inci-easing the fii-e cimsiderably, a melted 
button is obtained, and the specific gravity is iiici-eased toll.sn. 
The metal, in tliis state, has a greyish white colour. Its hardness ex- 
ceeds that of wrought iron. By tiie file it acquirea the brilliancy of 
platinum; and is malleable to a great degree. 
11 ^ Berzelius has shown that 100 parts of palladium unite with 14.309 
^^||teof oxygen. Hence the oxide consists of 

I 

^^^d) ft unites with potash by fusion, and also with aoda.but less re- 
"markably. Ammonia, allowed to stand over it for some days, ac- 
quires a bluish tinge, and holds, in solution, a small portion of oxide 
of palladium. 

(e] Sulphuric acid, boiled with palladium, acouires a beautiful blue 
colour, and dissolve^ u portion of the metal. Tne action of tliis acid, 
however, is not powerful; a^ it caunot be considered as a &t sol- 
vent for palladium. 

t 74 Ann. de Cliito. 99. 
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Palladium 
Oxygen . 



87.56 



100. 



\ Palladium readily c»nibines with sulphur. The compound is 
~^r than the separate metal, and is very brittle. It has been in- 
^tiad by fierzelius, and shown to be composed as follows : 

Palladium .... TS.Oa .... 100. 
Sulphur 31.97 .... 28.15 






(/) Niti-ic nciil acts with mucit greatei' violence on palladium. 
It oiiiuizHs the metal with somewhat more diRiculty tlian siItim-; aed. 
bj dissolving the oxide, forms a verj beauliTuI red solution. During 
this process no nitrous gas is i1isen{;aged. Niti-oue acid has even a 
more raniil action ou palladium. From these eolutiuns, potash 
throws down an orange coloured precijiitale, which is probably « 
hjdrate. 

(g) Muriatic acid, by being boiled on palladium, acts upnn it, and 
acqu^reii a beautiful red colour. 

(li) But the true solvent of palladium is nitro-muriatic acid, which 
acts upon the metal with great violence, and yields a beautiful red 
solutinn. 

(i) Fi'oin nil these acid solutions of palladitim, a precipitate tnAj 
be produced by alkalies and earths. These precipitates are mostly 
of a fine orange colour; are partly dissolved by some of tlie alkaliea; 
and that occasioned by auimiinia, when thus re-dissolved, has a green- 
ish blue colour. Sulphate, niti'atc, and muriate of potash, produce an 
orange precipitate tn the salts of pnlladiuni, at> in those of platinum; 
but the precipitates from nitrate of palladium have generally a deeper 
shade of orange. All the metals, except gold, platinum, and silver, 
cause very copious precipilates in solutions of palladium. Recent 
muriate of tin produces a dark orange or brown precipitate, f com 
neutralized salts of palladium, and is a very delicate test of this me> 
tal. Gi-een sulphate of iron precipitates palladium in a metallic 
state; and, if the experiment succeeds, the precipitate is about equal 
in weight to the palladium employed. Pnis»Iate of potash causes an 
olive-coloured precipitate. The prussiate of palladium, sepaiated by 
a neutral solution of prussiate of mercury, has the property, when 
heated to about 500° of Folirenheit, of detonating, with a noise simi- 
lar to that occasioned by firing an equal quantity of gunpowder. Hy- 
drosulpiiurets, and water impregnated with sulphuretted hydrogen 
gas, iiccaeton a dark brown sediment from solutions of palladium, 

(fc) Palladium readily combines witli other metals. It has the pro- 
perty, in common with platinum, of destroying the colour of gold, 
even when in a very small proportion. Thus one part of platinum, 
or palladium, fused with six of gold, reduces tlie colour of thft gold 
nearly to that of the white mebu employed. 

Dr. WoUaston has furnished an alloy of gold and palladium for 
the graduation of the magniGceut circular instrument, constructed by 
Mr. TrouglUon, for Greenwich obsei-vato;-y. It has the appearance of 
platinum, and a d«giee of hardness, which peculiarly fits it for 
ceiving the graduations. 



SECTION VI. 
Iridium and Osnmim. 



When the ore of platinum has been submitted to the action of _. 
tro-muriatic acid, a part remains undissolved, in the form of a black 



)fl^ 




IRIDIUM AND 09MIVM. 

resemliling plumbago. In thio substnnce, Mr. Tennant has 
discovered two new metats. The prucess, which he employed 
irate them, was the followina;: 
The powder was fused in a silver crucible with pure soda, 
alkali thea washed off with water. It had acquired a deep 
or brownisii yellow cohiur, but much uf the powder was undis- 
nlvM. The residue U'as digested in muriatic acid, and a dark blue 
iidutinn obtained, which afterwards became of a dusky olive^gceea; 
and, finally, by continuing the heat, of a deep red colour. By the 
ilUmate action of Ihe acid and alknli, the whole of the powder ap* 
pnred capable of solution. 

a. The alkaline solution contained the oxide of a volatile metal 
bH yet desciibed ; and also a small portion uf another metal. When 
Uh solution was kept some WL-eks, the latter metsl separated spon- 
(tteonsly in thin darkH:oIoured flakes. The acid solulion contained 
both metals also; but principally one, which is nut altered by muriate 
of tin; is precipitated of a dark brown colour by pure alkali; and 
•hicll exhibits, during solution in. muriatic acid, a striking variety of 
(tluurs, arising from variations iu its degree uf oxidation. From this 
property Mr. Tennant terms it ihidium. The proportion of oxygen 
in in oxide still remains to be determined. 

3. In oi'derto obtain muriate of iridium, free from the other metal, 
the tcid solution (3) was evaporated, and an imperfectly crystallized 
ma obtained ; but this, dried on blutiing-|ia|>er and again dissolved 
md evaporated, gave distinct octahedral cry^Lils. The watery solu- 
titaof tJiese crystals had a deep red colour, inclining to oran»e. With 
infusion of galU no precipitation ensued; but the colour almost in- 
tbntly disappeared Munate of tin, carbonate of soda, and prussiale 
■fpDtash,had the same effect. Pure ammonia precipitated theoicide, 
but retained a part, and acquired a purple colour. All the metals, 
(Kept gold and plutitiuin, precipitated Iridium of a dark colour from 
lie muriate, which liad lost its colour. 

4. Iridium was obtained pure byheating the muriate, which expelled 
both the acid and the oxygen. It was of a white colour, and perfectly 
nifusible. But Mr. Children has since fused it by his immense ^Iva- 
nic batterv into a metallic dobule, which was white, very brilliant, 
and, though porous, had the high specific gravity of 18.68." It did 
not combine with suTphur or arsenic. Lead united with it, but was . 
separated by cupellation. Copper, silver, and gold, were severally 
found to combine with it, and it ciiuld not be separated from the two 
latter fay cupellation widi lead. Its other properties remain to be 
examined. 

11. 1. Osmium wa3 procured in the state of an oside, by simply 
distilling the alkaline solution, obtained as already described (I. 1.), 
afaing with any acid. It was even found to escape, in part, when 
water was added to the dry alkaline mass remaining in the crucible; 
lod was manifested by a pungent and peculiar smell, soniewhat re- 
Miabling that of chlorine gas, from which property its uwne has been 

• Phi], Trans. 181 S, p. 370 
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derived. The watery solution of oxide of osmium is without colonr, 
having a sweetish taste, and the strong smell already alluded to. 
Another mode of obtaining, still more concentrated, the oxide of os- 
mium, is by distilling the original black powder with nitre. A sola-" 
tion of oxide of osmium in water is found in the receiver, of such 
strength as to give a f^tain to the skin that cannot be effaced. The 
most striking test of this oxide is an infusion of galls, which presentli 
becomes of a purple colour, and afterwards changes to a deep vivid 
blue. With pure ammonia, tlie solution becomes somewhat yellow; 
and slightly so with carbonate of soda. With alcohol, or still more 
quickly with ether, it ac(|uires a dark colour, and, after some time, 
separates in the form of black films. 

M. liaugier having observed that nitro-muriatic acid, which has 
been employed to dissolve platinum, emits a strong odour of osmium, 
distilled the liquor, and saturated the product with quicklime; after 
which, by again distilling the liquid, he obtained a quantity of os- 
mium sufficient to repay the trouble of the process.* 

2. The oxide of osmmm, the precise composition of which is aor 
known, give& up its oxygen to all the metals, excepting gold and plati- 
num. When its solution in water is shaken witn mercury, the aoliH 
tion loses its smell; and the metal, combining with the mercury, 
forms an amalgam. From this, much of the redundant mercury ma? 
be separated by squeezing it tlirough leather, which retains the amal- 
gam of a firmer consistence. The mercury being distilled ofl^ the 
osmium remains in its metallic form, of a dark grey or blue colou'. 
By exposure to heat, with excess of air,, it evaporates with its usual 
smell; but, if oxidation be effectually prevented, it does not seem is 
any degree volatile. Being subjected to a strong white heat, in a ca- 
vity made in a piece of charcoal, it is not melted, nor does it undergo 
any change. W^ith gold and silver it forms malleable alloys. These 
are easily dissolved in nitro-muriatic acid; and by distillation give 
the oxide of osmium with its usual pro]>erties. 

3. The pure metallic osmium, which had been previously heated, 
does not seem to be acted upon by acids; at least no eftect is pro- 
duced by boiling it some time in nitro-muriatic acid. By heating it 
in a silver cup with al-kali, it immediately combines with the alkali, 
and this compound s:ives with water, a yellow solution, similar to that 
from which it had been procured. From this solution, acids expel 
the oxide of osmium, having its usual smell, and possessing tlie pro* 
perty of changing to a vivid blue the infusion of galls. 

Besides the black powder from which osmium is obtained. Dr. Wol- 
laston has discovered a separate ore of these two metals, mixed witk 
the grains of crude platinum. The specific gravity of this ore is about 
19.5, and therefore exceeds that of crude platinum itself, which is 
only 17.7. The grains are atiout the siste of those of crude platinum, 
but are considerably harder; are not at all malleable; and appear to 
consist of laminre, possessing a peculiar lustre. 

The discovery ot Mr. Tennant, if it had required any confirmation, 

* 89 Ann.deChim. p. 191. 





Y received it fiflm an elaborate investigatlsn of Vauauelin, 
i publislietl in the Wlh volume Of Uie Annaii 
mie, and in tlie sixth volume of Dl. Thomson's Annals. 



SECTION VII. 



CoppEB, accoitling to Berzelius, as it is found in commerce, is al- 
ways conlaminateil with a tittle charcoal and sulphiir, amounting to 
about one linlf of a grain in IGU grains. Lead, antimony, andarsenic 
are also occasiunnlly found in it.* To fit it for tlie purposes of accu- 
racy, it may be dissolved in strong muriatic acid; and, after adding 
jrater, may be precipitated from tfie solution by a polished ptate of 
iron. The metal, thus obtained, stiould be washed, first with diluted 
iBuriiitic acid, and then with water, and may eitlier be fused, or kept 
in a divided form. 

Cooper is a metal of a beautiful I'ed colour, and admits of a consi- 
derable decree of lustre. Its specific gravity varies witli tlie opera- 
tioDs to which h has been subjected. Lewis states it at 8.830; Mr. 
Hatchett found that of the finest gianulated Swedish copper to be 
8.895 ; and Cronstedt states the specific gravity of Japan copper at 9. 

It has considerable malleability, and may he hammered into very 
tliin leaves. It is, also, very ductile; and may be drawn into wire, 
which has great tenacity. 

At S*" Wedgwood, copper fuses, and by a sufficient increase and 
coDttnuauce of the heat, it evaporates in visible fumes. 

1. 1. Copper is oxidized by air. This maybe shown by heating 
one end of a polished bar of copper, which will exhibit various shades 
of colour, according to the force of the heat. 

A plate of copper, exposed for some tirae to heat, becomes covered 
vitli an o<[ide, which breaks off in scales when the copper is ham- 
mered, tt is composed of 62 of Ihe black oxide and 38 copper. This 
oxide, when exposed on a muffle, is farther oxidized, and assumes a 
deep red hue. Copper is also oxidized by long exposure to a humid 
atmosphere, and assumes a green colour; but the green compound 
holds carbonic acid in combination. The oxides of copper do not re- 
■ turn to a metallic slate by the mere application of heat; but require, 
for tlieir reduction, the admixture of inflammable matter. 

2. Copper does not decompose water, which may even be trans- 
mitted, in vapour, tlirough a red hot tube of this metal, witliout de- 
coui position. 

3. Copper is susceptible of only two degrees of oxidizement; in 
its lower stage the compound is red; when oxidated to the maiimnm, 
it is black. 

- ■ i7 Phil. M»j!'. 306 
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The black- or peroxide may be obtained, eillier by calcining (he 
Kales of copper, wliich have already been alluded to, under a muffle ; 
or by decomjiosing §ulphate of copper by carbonate of potash, and ig- 
niting the precipitate; oi' by the simple igoition of the nitrate of cop- 
per. It is composed of 



Copper 
Oiygen 



ino 



100 



To prepare the protoxide Mr. Clienevix recomtnenils the following 
proce§9. Mix tt^ther 57} parts of black oside of copper, and 50 
parts of metallic copper precipitated from the sulphate on un irtHi 
plate. Triturate it in a mortar, anil put it with 40fJ parts of muriatic 
acid into a pliial, which is to be well slopped. The copper and its 
oiide will be dissolved with heat "When potash is poured into 
tliis solution, tlie oxide {or ratlier hydrated pwloxide) of copper is 
precipitated of an orange colour. This oxide, wlien deprived of 
water, becomes red; but it attnic\a oxygen so strongly that it can 



scarcely be drieil without absorbing a 



lti» 



m posed of 



Copper 
Oxygen 



100. 



i 



il. Copper combines with strong sulphuric acid, in a boiling Iieab 
and atforils a blue Hali, called sulphate of copper. In this procesB, 
part of the sulphuric acid is decomposed, and furnishes oxy£;en to the 
metal which is dissolved. It is, thei'efoi'e, better, in preparing sul- 
phate of copper, to use the oxide obtained by calcining copper scsleg 
with free access of air. (a) Sulphate of copper is a regularly crys- 
tallized salt, easily dissolved by water. (6) The solution is decom- 
posed by pure and carbonated alkalies. The former, however, re-' 
dissolve the precipitate. Thus, on adding pure liquid ammonia to B ' 
solution of sulphate of copper, a precipitate appears, wliich, on a far^ 
ther addition of the alkali, is re-dissolved, and atlbids a beautifiil 
bright blue solution, (c) The sulphate of copper is decomposed by 
iron. In asolution of thissalt Immerse a polished pjnteof iron. The 
iron will soon acfjuire a covering of copper in a metallic sfale. (d) It. 
<;ives up its acid un the application of boat, without decoii>positinn; 
and an oxide of copper remains in the retort, (e) It la composed, 
according to Proust, of 

Copper 25.6 ( forming > .„ 
Oxygen 6.4 J black oxide $ " 
Sulphuric acid .... S3 
Water 36 



8KOT, VKi COFP£|l. f^ 

Exclusive of water of crystallization, Berzelius,* from his own ana- 
IjeHs, states its composition at 

Peroxide of copper . . 50.90 . . . 103.66 
Sulphuric acid . . . 49.10 . • • 100. 

ioo. 

Proust described a subsulphate of copper, formed bj adding soltl* 
lion of potash to a solution of the above sulphate. Berzelius pre- 
pared it by the cautious addition of ammonia, and found it, on analy- 
816, to be composed of 

Peroxide of copper • . • • 80 . • • 100 , 
Sulphuric acid 20 • • • 25 

100 

Including its water of composition, the subsulphate consists of 

Sulphuric acid 21.28 

Peroxide of copper . . . 64.22 
Water 14.50 



100. 



No sulphate of th^ protoxide is yet known ; for when sulphuric 
>cid is brought into contact with the protoxide, one hiUf of the oxide 
pres up its oxygen to the other half, which thus becomes peroxide 
^ unites with sulphuric acid. 

Sulphite of (popper may be obtained by transmitting a current of 
sulphurous acid gas, (which has been first passed through a small 
qoaatity of water, in order to deprive it of sulphuric acid) into a ves- 
sel containing water and peroxide of copper. A green liquid is form- 
^, which contains sulphite of copper, with a large excess of acid ; 
and sulphite of copper, in very small red crystals, remains at the bot* 
torn of the vessel. This salt has been investigated by Chevreul;t and 
found to consist of 

Protoxide of copper . . . 63.84 
Sulphurous acid .... 36.16 

100. 

in. Copper exposed to a damp air rusts, and becomes covered 
with sub-carbonate of copper. The same compound b still more rea- 

• 77 Ann. de Chim. 
f- 88 Ann. de Chim. 18:1. 




dil; produced by adding carlranated alkalies to the solulionB of i 
per. The nitrate of copper, precipitated by carbonate of lime»4 
fords a blue precipitate, called Vm-diter. This Bubstance is i 
allied to the native blue carbonate in lite nature sad proportion 
ingredients. It consists of 



"Water ...... 

Carbonic add . . . 
Peroiide of copper . . 
Moisture and impuritiet 



5.9 



Berz«Uu5 observes that subcarbonate of copper differs greattfl 
appearance when precipitated from a cold and from a hot solitff 
In the latter cbb« its colour is jellowish green ; in the former, f 
bluish green, and much more bulky. It is composed of 

Peroxide of copper . . . . 7\.7 

Carbonic acid 19.7 

Water 8.6 



IV. Copper dissolves readily in diluted nitric acid ; and t 
o;as, holding a little copper in solution, is evolved in great abundance^ 
The solution at first is sreen and muddy; but by degrees, a yellow 
precipitate falls to tlie oottom, and tiie I i(|u id 'becomes tTFinBpareiit 
and blue. By evaporation, it yields a salt, which lias the property of 
detonating with tin. When to the solution of this salt, or of ftnjT 
otiier salt of copper, a solution of potash is added in sufficient quan- 
tity, a blue powder is precipitated, consisting of the per-oxide oi cop- 
per combined with water. Fhis substance has been called by Proust 
bydrate of copper; but, more properly by Mr. Chenevix, hyaro-oxide 
oi copper. When collected on a filter, and dried at a heat belbv 
that of boiling water, it shrinks somewhat like alumine ; but still i^ 
fjiinB its colour. At a higher temperature it is decomposed, its water 
being dissipated, and the olark oxide only remaining, in tlie propor- 
tion of 75 parts from 100. This oxide cannot be brought to combine 
with water agjain by merely moistening it. 

Nitrate of copper is decoiiijjosed, but not entirely, by carbonated 
alkalies; for, after their full effect, Berzelius found that a precipitate 
is still occasioned, by adding water impregnated witli sulphuretted 



hvdi 



i-ogei 



" This salt is constituted, according to Berzelius, of 

■ R. Phillips, Journ. gf Science, iv. 279. 
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Peroxide of copper .... 67.SQ ^^1 

Nitric acid S^TB , ^M 

^H 

A 9ul>-nitrate of copper la, also, described by tlie same chemiBt' ^^M 
It may be obtained eitJier by carefully heating the nitrate; or by 
wldiag a small proportion of j)otash ur ammonia to its solution. 

V. Concentrattfu and boiling muriatic acid acts on finely divided 
copper ; and a g;reen solution is obtained. In this salt the copper is 
oxiaized to its maximum, and the salt may, therefore, be called, for 
the sake of brevity, pfmiuriot? of copper. It ia very soluble in water, 
and generally deliquescent. By careful evaporation and CDoliti£,the 
salt crystallizes in rhomboidal prismatic parallelopipeds, which are i 

readily soluble botli in water and alcohol. It is composed, as Proust 
has slated, of 

Black oxide of copper 40 

^^k Muriatic acid 34 

^Ht Water A6 

^^H' Exclusive of water, Berzelius states its composition to be 

^^^L Peroxide of copper 59.8 

^^^ft Muriatic acid 40.2 

"l^e watery solution of muriate of copper forms a kind of sympa- 
thetic ink. Characters written with it become yellow by warming, and 
B^in disappear when the paj)er cools. 

By digesting a solution of per-muriate of copper with tilings of the 
metal, it is converted into a muriate of protoxide or pro-muriate; 
the fresh portion of cop[>Br being oxidized at the expense of what was 

Ereviously held in solution. The solution of this salt is precipitated 
y merely pouring it into water. By exposure to air, it acquires 
oxygen, and is converted into tlie per-muriate. Alkalies throw (town 
an orange precipitate. It consists of 

Copper 65.80 ( forming ? -.. „» 

Oxygen 8.08 I suboxide $ 

Aciif 26.12 



* 33 Ann. de Cbim. 350. 
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the combastion of copper in chlorine gaa, two comnou 



Muced at the same time, one of which is a fixed easily fusible sub' 
stance, resembling common rosin; the other a yellowish sublimate. 
The first, composed of 60 copper and 33 J chlorine, and called by ffir 
H. Davy enprane, but more properly named protochloride of capper, 
is insoluble in water, but becomes ^een by exposure to the atmos- 
phere. The second, called cuprama, or pfrchtoridt of copper. Ait- 
solves in water, and -gives it a greenish colour; and is compoaed of 
60 copper todrchlorine. Its solution is identical witli permuriate of 
copper; for even tliough it be admitted, according to the view of Sir 
H. Davy, to be, when solid, a compound of chlorine and metallic cop. 
per, yet during the solution it will decompose water, on d become a 
true muriated oxide of copper, 

VI. When corroded by long continued exposure to tlie fumes of 
vinegpr, copper is converted into verdegiis. — The verdegris of com- 
merce is composed partly of an acetate, soluble in water, and partly 
of a 9ub-acetiite which is not soluble in water, consisting of 63 per- 
oxide + ^^ acid and water. By solution in distilled vinegar and 
evaporation, a salt is obtained in regular crystals, which are completely 
soluble in water, and whicli consist of 39 peroxide and til acid antl 
water. — These, distilled alone, yield concentrated acetic acid, and a 
combination remains in the retort, containing, in 90 parte, 



4.50 charcoal 
r8.fj6 copper 
6.84 oxygen 

90. 






VII. When Uic muriate of copper is mixed with a solution of p 
Biate of potash or of lime, a beautiful reddish brown precipitate of 
ferro-prussiale of copper is obtained, which has been recommended 
by Mr. Hatchett as a pigment. Tincture of galls throws down, froa 
all the solutions of copper, a dull yellow precipitate. 

VIII, Copper combines with sulpliur. When a mixture of three 
parts of the' metal, in the state of fine filings, with one part of sulpha r, 
ts melted in a glass tube, at tlie moment of combination, a' brilliant 
inflammation ensues, exceeding, in brightness, that produced by tlie 
fusion of iron and sul|fhur. 

Copper leaf, Berzelius observes," burns in gaseous sulphur, as bril- 
liantly as iron wii-e in oxygen gas. A compound is formed, preci sely 
analogous to tlie native sulphuret of copper, and composed of 

Sulphur 20 ; . . . . 25£ 



round IS lormed, preci aely 
and composed of "^^^l 

D iLe Aniliciiil SuIphomH^ 



E. vut. moN. 

JKreinei, by passing Bulphureited hydtt^ii through a »olutioii 
ipper, obtainea a precipitate composes of tw<i parts by weight of 
^ •wtphvr.and one of copper; and by boiling; pt-roiiile of copper with ar 
klkaline hydrosulphuret, n dark flame ydlow conipouud was formed 
, coRsiating of equal weights of sulphur and copper.* 

I Copper unites,by fusion, with phosphorus. The phosphuretis whiM 
rttle, and of the specific airavitj' r.122. The an a lysis of Pelletiil 
rtB 20 per cent, of phosphorus 
IX. Ammonia readily dissolves the OKides and hydro-oxidei 4 
pper. Nothitijf more is necessary than to digest dtem together in- 
imI. The solution has abeaufifui deep blue roliiur. By evaporatii 
a very gentle heat, fine blue silky crystals may be obtained. 
X. Copper combines readily with most of the metals, and afforj. 
wral compounds, which aie of great use in the common arts of' "^ 
iii«. Tulena^ ii a white alloy of copper, zinc, and iron. Coppei' with 
about a fourth its weight of lead forms pot-metal; with about the 
, MOie proportion of zinc, it composes brass, the most useful of all its 
lllovB. Mixtures of zinc and copper form, al?o, the various compounds , 
f Tanbae, Ditteli Bold, Simitrn; Prince Rupert's MHal.Pinckht 
~ . Copper with tin, and sometimes a little zinc, fonns bronze, i 
MM, or gun-mttal. And when the tin is neaiiy one third of fl 
_, it is beautifully white, and takes a high polish. It is then call* 
tCKlum-tnetaL Copper mav, also, be alloyed with iron; but tlie con 
pBund has no iHeful pnipeilii.'s.t 



SECTION VI U. 

Iran. 

1 Iron has a bluish white colour, and admits of a high dcgrc 
blieb. Itisextremelymalle<d>le, though it cannot be heatenouttott 
me d^ee of thinness as gold or silver. It is much more ductile 
^ever, than those metals; for it may be drawn out into wireasfii 
B& human hair; and its tenacity is such that a wire only rS-lOOr 
T an inch in diameter is capable of supporting a weight of uea 

Its specific gi^vitj varies from 7.6 to 7.8. 
' Iron IS one of the most infiisible of the metals. Its meltins; point 8,. 
^out 138° of Wedgwood. Its ciiemical properties are the lollowingt' ' 
' I. 1. When exposed to the atmosphere, especially when the airis 
koist, it slowly combines with oxygen, or, in common language, rusts. 
ft ^e temperature of the metal be raised, this change eoes on more 
i*p«Hy; and, when made intensely hot, takes place with the appear- 
Ince of actual combustion. Thus the small fragments, which fly 
lom a bar of iron during for^ng, undergo a vivid combustion in the 



atmoBphcre ; und iron rLUn«;B. projected upon tKe blue of a torch, 
burn wilK cuneiderable brillianc)-. The oxiue, obtain i?d in these ways, 
iBof Et black colour, and is still attracted b; the magnet. . 

Tlie samp change is more rapidly pi'ouuced, when ignited iron is 
brought into contact with oxygen gas. A vivid combustion happens, 
Si already described in the chapter on tliat ^g. [.avoisi^r innde many 
ejperiments to ascertain the increase of weiglit, acquired by the iron, 
and concluded, Oiat on .in average, 100 parts of iron condense, from 32 
(o 3o parts of oxygen. Dr. Thomson, however, on repeating the experi- 
ment seveiftl times did not find tliat 100 parts of iron absorbed mnre 
than 27.5 of oxygen; but he observes, that it is almost impossible to 
collect the whole product; and tliat minute portions are dissipated 

S. By contact with wafer at the temperature of the atmoEpherc, 
il-on becomes slowly osiidized, and hydrogen gas is evolved. Wheo 
the steam of waler4s brought into contact with red-hot ifon, the ^me 
chan^ is produced with much greater rapidity; the iron i« converted 
into the black oxide; and a large quantity of hydn^en gas is set at 
liberty, and may be collected by a proper appoialtis. The iron i% 
found to have lost all its tenacity, and may be crumbled down into* 
black powder, to which the naine e( fianry vinder was ^ven by Dr. 



Priestley. In composition, it does not appe.ir to difter from the 
oxide of iron obtained hy the action of atmospheric air, and is stronger 
magnetic. B^ a careful repetition of the procesn. Or. J'homson found 



that too grains of iron, ignited in contact with the vapour of water, 
acquire 29.1 grains of oxygen. 

3. When iron is dissolved in diluted sulphuric acid, the acid is not 
decomposed; but the metal is oxidized at the expense of the water, 
and hydrogen gas is obtained in abundance. Now as water is CDtn> 
posed of two volumes of hyttrogen and one of oxygen, a quantity of 
oxygen, equal in volume to halAhc hydrogen gas obtained, must hai% 
combined with liie metal ; that is, for every 200 cubic inches of hydro- 
gen, oxygen equal to 100 cubic inches or 83.8 grains, must have iinited 
with the metal. Dr. Thomson, Trom an experiment of this kind, cal- 
culated that 100 gi-aiiis of iron, after the action of dilute sulphuric 
acid, had gained 27..1 of oxygen. It is to be considered, however, tint 
the purity of the iron employed will materially allect the result; for 
if the iron contain chan-ual, as is always the case, cnrburetlcd hydro- 
gen gas will be mixed with the hydrogi-n: and the hydrogen in tliu 
gas being in a condensed etate, the apparent w ill be less than the real 
([iltuitity disengaged. 

Iron, by the different processes which have been described, is con- 
verted into an oxide, of a black colour, and still retaining tlie magne* 
tic property. Its componitlou has been the subject of a series ofexr 
perimcnts by Bucholz, who concludes that liX) parts of iron, to be- 
come the black oxide, condenee 29.88 parls of oxvgen; Dr-Wollaston 
assumes the oxygen t» be 29 parts, and Dobereinei' makes it SO. Bcj- 
zeliuB'S determination diflfers but little from these, vV/. 

• 27 Nich. .loom .' 



Black oxide 5 '">" ■ • 
«r protoxide jOsygen 



rr^K 



100. 



F 

^^ Vilien the oxide of iron, which has just been described, is dismli 

I in oitric acid ; then boiled lor some lime ; and, after being precipil 

bf afflmaoia, i§ naslied, dried, and calcined in a low red heat, 

IliMind to be converted into a red oxide. This, accmdine la Rnchi 
btcomposed of 100 pans of iron wid 4S of oit^n; to DubereinerJ 
BO iran and 45 of uxrgen ; or according to Dr.~W'oilaslnn of 100 
■1 and 43.5 oxv^n; iHit Berzelius itates its uHnposition as follo< 
T 



Red oiide 
or peniKide 



lOsjgen , 



loa 



Tbe existence of these (wu oxides, and the prnpoiliona of their a 
gredienls, at some.where near 30 and 45 nx.ysf:» to 100 iron, ■ 
clearlj established. But besides tliese, it has been attempted tol 
~ (ed that thei'e is another oxide of imn. Thenard contends (tf 
ipound, containing less oxygen than the black oxide, viz. J 
ts to 100 metal; a second composed of 57.5 oxygen to 100 i 
fend a third of 50 to 100 metal. And Gay Lussac, also, a 
the notion of three oxides with proportions, however, dificrii 
JiDse of Thenard. The first is that which is obtained by dissi^. 
iron in dilated sulpliuric or muriatic acid, out of tlie contacts 
It is precipitated white by alkalies, and by ferro-piussintes. an^ 
posed of 100 iron and 28.3 oxygen. 'JThe second is obtaiiq 
in >n>n is oicidized by the vapour of water or oxygen ^as, 1 
laiste of 100 iron nnd 37.8 osva;en. "Die tliinl is the acknowlcdgj 
oxide, which is composed of 100 iron nnd 43.51 oxygen.* 
pcobalile, however, that the only known oxides ai'e the tuo, the com* 
boaition of which has already been slated on the authority of Bticholr., 
Wdlaston, and Berzelius;' and that the new oxide of Gny Lue^nc is, 
as Berzclius thinks, a compound of the black and red oxides. 

There appear to be two hydrates or hydro-oviiles, corresponding fo 
to these two oxides of iron, which are obtained whenever we precipi- 
tlte their respective solutions in aji acid, by a fixed alkali. The hy- 
drate of the black oxide is while, with a tinge of olive or green; that 
of the red oxide is oran<;e coloured. The former hydrate passes to 
|}ie latter, by exposure tu the atmosphere. Ochre, it has beeu shown 
by Leidheck, isanative hydrate of the red oxide, mechanically mixed 
',th earthy ingredients; duI, exclusively of tliem, composed of 9i)d 
15 water, with 60 to 62 oxide of iron.t The preparation of a pure 
Irate of iron was found by Berzelius to be attended with gr^al 

■ ■<?• 
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It may be remarked, on cotnp&ring the composition of the two ox — . 
iduB uf iruti, that the oxygen of^the red ia oot a multiplication of thar^ 
of the black oxide by an entire, but by a fractional number; for 29.^9 
X 1} = 44.35. This anomaly, us waa obEcrved in the account t^l 
the principles of the atomic Bystem, is best got over by mulljplyiii^li>^ 
2 the numbers (I and l]), eiprcssing tliese proportiona, which wiTf 
make ii^e ratio of S.9.5 to 44.25 the same as that of S to 3. We urv 
thus, however, led to Uie eupposifiun, that there is an oiide inferior 
to the bUick oxide in its proportion of oxygen; and which, from theo- 
ry, ghould consist of 100 iron and 14.75 oxyg;en. The black oxide 
contftinsaouantityuf oxyi^n, which Ib a multiplication of 14^5 bj3, 
and the red by 3. And if tlie supposed pi-otoside be constituted of aft 
atom of metal and an atom of oxygen, the weight of the atom of iron 
will be about 50, for ua 14.7.') t« 100 so ia 7.5 to little more than 50. 
Dr. I'liomson, in an Rsaay on tliis subject, has ai^ed that the perox- 
ide of iron is a compound of 3 atoms of base -|- 3 atoms of oxygen, 
the protoxide being a compound of 1 atom of each of those bodies.* 

Until this difficulty is cleared up, we may, however, give tlie name 
of protoxide to the black oxide of iron; and the retfcompouDd of 
iron and oxygen may continue to be called the peroande. 

II. Whenever diluted sulphuric acid is made to acton iron, we obtein 
a compound of that acid with the protoxide. The solution, by evapo- 
ration, yields crystals, which have a beautiful green colour, and the 
shape of rhombic prisms, not of rhomboids, as is sometimes repre- 
sented.t They have a strong styptic taste; redden vegetable blue 
eotours; and are soluble in about two parts of cold and three-fourths 
their weight of boiling water. Tlie solution is precipitated of a green- 
ish white by alkalies, and white by prussiate of potash. The crystals, 
when distilled, are decomposed, and yield a strong fuming acid, called 
glacial mttpkuric tteid. The acid, in this salt, is to the oxide, in the 
proportion of LOO to 86, and it is composed, according to Berzelius, of 



Sulphuric acid 28.9 

Protoxide of iron .... 25.7 
Water 45.4 

100. 



< 



When a solution of green sulphate of iron is heated with acceas 
uf air, part of the protoxide passes to the state of peroxide, and, com- 
bining with a portion of acid, falls down in tlie form of a yellow 
powder, which, accoi-diag to Berzelius, is a sulphate of the peroxide 
with t.vcess of base, or a sub-sulpkate. The acid in this compound iS 
to the base, as 100 to 266, and it is therefore composed of 
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Other sulphates with base of peraxiile of iroo have be«n investi- 
ptetl t^ Dr. ThoDison,' but no sulphate of protoxide with excess of 
add is yet known. 

llie ferther oxidation of the iron in the green sulphate is effected 
nore ex^ditiously by boiling in solution with some nitric acid, and 
traporanng to dryness, care being taken not to raise the he&t so as 
toeipel the sulphuric acid. Water, added to the re sidnum, dissolves 
tealC which is composed of sulphuric acid and peroxide. The solu- 
tioahu a yellowish colour; does not afford crystals; but when eva- 
porated to dryness, forms a deliouescent mass, which is soluble in aU 
cbIidI, and may thus be separated from the green sulphate. Its solu- 
tion aAbrds a blue precipitate with ferro-prussiate of potash. I'hia 
iail has been called, but not with strict propriety, oxy-sttlphatf. Its 
legitimate name would be sulphate of peroxide of i ' " " ' 

It inconvenient from its length, it may '■- -"""■• *'■- 
'ran. It consists, accerding to Ber7.el 



100. 
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The sulphurous acid, also, unites with iron and forms a sulphite; 
ind this sulphite, taking an additional quantity of sulphur, composes 
a sulphuretted sulphite. The precise composition of these salts re- 
nains to be determined. 

III. Nitric acid, in its concentrated state, scarcely acts upon iron, 
but, when diluted with a small ([uantity of water, it dissolves iron 
with great vehemence; and with the extrication of a large quantity of 
impure nitrous eas. The solution, at first, is a deep green, but when 
oe&rly saturated assumes a red colour. It is not crystallizable, but, 
when evaporated, forms a deliquescent mass. 

nic nitrate of iron, it was long ago shown by Sir H. Davy, may 
exist in two different states, the green nitrate in which the oxide is 
at the minimum of o.-^idation, and the red, in which it is at the ma>- 
imum. 

To obtain nitrate of iron, in which the oxide is at the minimum^ 
acid of the specific gravity of 1.25 or less must be used; the iron 
must be added in large pieces, and at distant intervals ; and the ope- 
ration carried on without tlie access of air. When this solution is 
made on a lar^e scale for the purposes of tlie dyer, it is proper to con- 
nect the vessel, in which it is prepared, with a lai^e receiver; for, in 
the latter, n quantity of nitrous acid will tie found, which is worth the 
trouble of collecting. Nitmte of iron, thus prepared, nasses, on ei- 
posiii'e to tlie atmosphere, to the state of that in which tiie oxide ifi at 
the loaximum. Tlie compo«tion of these two nitrates has not yet 
been accurately determined. 

IV. Muriatic acid dissolves iron and its oxides with great ease : 

* AnnslsofPhil. 1. 103 
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and affbrda two diatiact salts, dtlfeiiD^ from earh oUi«r ftcc^rtLna 
the 8t&te of oxidation of the metal. The mariate containing thed 
oxide is green, and that containing tJie oside at th« maximnni 
Both these sails are deliquescent, and cannot be brou^it ta 9 
talUze. 

The gi-een muriate is convertible into the red by simple expos 
the atmosphere. Berzelius describes an intei'osting experinient t 
ed on thin property. If a solution of the green muriate be expo 
the atmosphere, in a tall cylindrical glass Jar, fur some day8,a 
few drops of pure ammonia be introduced at dlfferer' ■■ — **" 
means of a tube, the preclpitnte formed near the aui ^ 

green; a little lower blue; still lower e;reyish ; tlien of a duij white; 
and at the bottom perfectly white, if time has not been allowed fe 
the atmospheric oxygen to penetrate so \ow. 

When the solution of green muriate is evaporated dry, and the r^ 
siduum is heated to redness, a compound is obtained which, accord- 
ing to Dr-John Davy's experiments, is composed of inin and chlorine. 
During ignition, the oxygen of tlie oxide and the hydrogen of the mo- 
riatic acid, are supposed to unite and form water, while the chloriie 
combines with the metal. The compound, termed by Dr. Davy /«f 
rane, is the protochloride of iron. It consists of 



Chlorine 53:. 

Iron ...... 46. 



When iron wire is burned in chlorine gas. a substance is farmed vt 
a bright yellowish brown colour, and with a high degree of iDstie; 
volatile at a temperature a little above ST S°, and crystalliT^ingiD gtntlt 
iridescent plates. It acts violently on water, and forms a solution «f 
the red muriate. This is the percldoride of iron. It is composed Ol 
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V. Iron may be united, in the way of double elective affinity, in(k 
the ferru-pi-usaic acid.* Thus, when ferro-prussiale of jiolasli ud 
iron and sulphate of iron, both in solution, are mixed ti^elher, dn 
ferrn-prussic acid and oxide of iron quit their former combination* 
and unite tc^elher. Tlie beautiful blue precipitate is ferro-pruasiate 
of iron. 

(a) Ferro-prussiate of iron is neatly insoluble id water. 

lb) It is not soluble in acids. 




(i^) It is decomposed by 

ltr»reil, and iui osklc ot it 

'(d) tt isderomposedab' 

the 'ferro-pruasicsu:! ' ' 
'Chns, wlicii pure pi 
beaali till' 'blue coluui 
ami femi^m 



.^nd nf nrtissic acid, "JKff ash, 'ixl 



lfl,S3 Protoxwie Of irttin ? ^ 
3Wi Pruasic adia jTo^l-'fi 
Peroxide of iron aeivitif; as 
• Water of cryalulliaiiil.ion . 



red lieat, tlie ferro-prussic acid Iwltig de- 
1 I'einafning. 
by pure atk&litn and earths, wliidi abstract 
id Imvo the iron in tli« state of pernxidu. 
lash 19 digested with ferro-prussUte ot ii'on, its 
dlsflptrtiirB, and we obtain a conibinalion of put- 
In. It lias been ciinsidei'ed 'as a triple com- 



tnpusitiun tu be as fullows 



^h Nicholson's Journal (4lo. iv. 30. 171). 1 have ijiven an improved 
^iWesa for preparing tlie ferro-prussiate iif potash. Tlic following, 
*IW trying vai'ious modes of preparation, 1 find to afford the purest 
lest 

1. To a solution of potash, deprived of its carbonic acid by qaick- 
Wmt, and heated nearly to the boiling point, ill an iron kuttle, add, 
livdegrees, powdered Prussian blue till i(s colour ceases tu be dia- 
wBTged. Filter the liquor, and wash the sediment with water till it 
Hues to extract any thin^; let the washings be all mixed together, 
*ai placed in an earthen digh in a sand-heat. — When the tjolution 
fttwcmne hot, add a little diluted sulphuric acid, and continue the 
tel for about an hour. A copious precipitate will be formed of Prus- 
Wb Uue. — Let this be sepamted by ftltralion, and assay a small 
^nlitj of the filtered liquor in a wine glnsa, with a little dilute 
ll^uric acid. If an immediate prmliiction of Prussian blue should 
ttilltake place, fresh sulphuric acid must be added to the whole li- 
mw, which must again, witli this addition, b^ exposed to htat These 
nllntions and additions of sulphuric acid must be repeated as long 
UUy considerable quantitv of Prussian blue is produced ; but when 
tllil ceases, the liquor may huully be passed through a filter. 

S. Prepare a eidution of sulphate Cif copper in about four or six 
fines its wHght of wann water, and into the solution (1) pour this, as 
KDg as a reddish brown or copper-«uloured sediment continues to 
IppFBt'. Wash this sediment, which is a ferro-piussiate of copper, 
■ah repeated eiTusions of warm water; and, when these come offco- 
iMirless, lay the precipitate on a linea filter to drain, after which it 

say be dried on a chalk-stone. 
S. Powder the precipitate, when dry, and add it by degrees to a 

»Iution of pure potash, prepared as described, chap.vii. sect. 4. The 

fcrriH-prussic acid will leave tlie oxide of copper and past tu tlie alkali. 



iniug a ferro-prussiate of potash. 
- Vol. II.— M 



4. But an the salt still contains sulpliate ot'potuh.apuvtioii ofdiis 
may be separated by ^iille evaporation, the sulphkte cryslAllixiag 
first. Tp die I'emamiDg lifjuid, add a solu^An of barytcs in WKnn 
Wftter (diap. ix. secL I.) as long as a wliile precipitate ensues, observ- 
ing not to add more after ita cessation. 'Irie solution «f pru^iute it 
now free, in a great inensure. fron) ii-on, and entirely from sulpliateii 
and, by gentle evaporation, will form, on cooling, beauUful cryistatt. 
Tliese crystals ate perfectly neolralj insoluble in alcohol; are not 
decomposed by boiling, gr by the contact of carbonic acid; ami give 
Prussian blue with solutions of peroxide of iron. 

For tlte vegetable alkali, either stnla or ammonia mfiy be subNtitated 
in the above process, if tliey be preferred. If a snfiicient quantify of 
pure barytea cannot be had, the sulphate may be precipitated by ace- 
tate of barytes. The acetate of potash, thus (ijrmeH, nut being a crys- 
tallizabte salt, remHins in the mother-liquor. 

' (e) When the ferro-prussiqte of potash is milted wjtii sulpi>ate of 
iron, in which the metal is oxidized at the minimum, ihe ferro-prus- 
siate of iron that is formed is of a white colour, but. gradually be- 
comes blue, as the iron, by exposure to air, passes to the state of per- 
oxide.* 

(f) The effect of a. sympathetic ink may be obtained, by writing 
with a pen dipped in a very dilute solution of ferro-prussiale of pot- 
ash. No characters will appear till the paper is moistened with sul- 
phate of iron, when letters of a Prussian blue colour will be apparent. 
The experiment may be reversed, by writing with sulphate of iron, 
and rendering the characters legible by prussiate of potash. 

is) "^^ ferro-prufisiate nf potash decomposes all metallic solu- 
tions, excepting those of gold, platinu, iridium, osmium, rhodium, tel- 
lurium, ana antimony.t 

VI, When sulphate of iron is m!ved with an infusiun of galls, we 
obtain a black solution, which is a new combination of oxide of iron, 
with the gallic acid and tan. Both the gallate and tannate of iron 
are, therefore, essential constituents of inks; the other ingredients of 
which are chiefly added with a view of keeping these insoluble con*- 
pounds BUspeiiiied. 

In order thai the iron may unite with tlie gallic acid and fan. it 
must be combined witli the sulphuric acid in tlie state of red oxide; 
for the less oxidized iron, In the green salt, dues not form a black 
compound with these substances. Iron filings, however, dissolve iq 
an infusion of "alls witli an extrication of hydrogen gas; but the com- 
pound is not black tilt after exposure to air, which oxidizes the iron 
still farther. This solution, with a sufficient quantity of gum, forms 
an excellent ink. 

On the same principle may be explained the effect of metallic iron 
in destroying tlie colour of ink. When ink is digested with iron 
filings, and Irequently shaken, its colour decays: and it also becomes 
colourless after having a stream of sulphuretted hydrogen gas passed 
tlirough it In both these cases the oxide of iron is partly deoxidized^ 




Sect, rut . iro\. 

Chxnicters written with ink, after this treatment, are al firet illegililt 
but become black as the iron acquires oxv^n from the air. 

(a) Write upon paper with an iafuaion of galls. The characters 
will not be legible till a solution of sulphate of iron is applied. This 
experiment idby be reversed like the precedini; one (V./), 

(b) The combination of iron, forming ink, i« tlestrojcU bv pure and 
caiWnated alka1ie!4. Applya solution of alkali to character written 
with comiHon ink, the Diackness will disappear, and the characters 
will become brown, an oside of iron only remaining «□ the paper. 

Alkalies, added cautiouslv to liquid ink, precipitate the black com- 
bination, but an eicess re-dissolves the precipitate. 

(e) Characters, which have been thus defaced, may again be reo- 
dered legible by an infusion of galls. 

(rf) InK is decomposed by moat apids, which separate the oxide of 
iroD from the gallic acid in consequence of a stronger affinity. Hence 
ink fttaina are removed b^ dilate muriatic acid, and by some v^ta- 
ble acids. Hence, also, if to a saturated solntioa of sulphate ofrron 
there be added an excess of acid, tlie precipitate no longer appears 
on adding infusion of galls. 

When a mixture of ink is heated with nitric acid, the yellow oxa- 
late of iron in formed, and is precipitated on adding pure ammonia. 

(r) Ink is decomposed by age, paitly in cons'-(|Uence of the farther 
oxidation of the iron, and partly, periiaps, in consequence of the de- 
struction of the acid of galls. Hence ink-stuins degenerate into iron- 
moulds, and these last are immediately producL-d on an inked spot of 
linen when washed with soap, because the alkali of liie soup abstracts 
the eallic acid, and leaves only an oxide of iron. 

(f) Ink is decomposed by ovymiiriatic acid, which destroys tl>e 
gallic acid, and the resulllng muiiatic acid dissolves the oxide of iron. 

As all writing inks, into the composition of which iron enters, are 
liable to decay by time, and to be destmyed by various agents, nn ink 
has been proposed by Mr. Close, the basis of which is similar to that 
«f printing ink. — Take oil of lavender 200 grains, gum coiial, in pow- 
der, i5 grains, and lamp-black from Sj to 3 grains. With the aid of 
a gentle heat dissolve the copal in t!ie oil of lavender in a small phial, 
and then mix the lamp-black with the solution, on a marble slab, or 
Other smooth surface. After a repose of some hours, the ink must be 
shaken before use, or stirred with an iron wire, and if too thick, must 
foe diluted with a little oil of lavender.* This ink [ have found ex- 
tremely useful in writing labels for bottles which contain acids, or 
which are exposed to acid fumes in a laboratory. 

Vll, The phosphoric acid acta with but Utile energy upon iron; 
diough a native compound of this acid and iron imparts, to some va- 
rieties of the metal, the singular property of being very brittle when 
nld.'Or, as it is called, cold-short. 

■ The phosphate of Iron is almost insoluble in water. It is best pre- 
^^ by mixing the solutions of green sulphate of iron and pbos- 
« of soda. A blue (irecipitate is formed, which is soluble in manf 
e acidfl, antLprecipitated without change by ammonia. 

• Sec Nicholson's Journal, Bvo. Vi, 14.S 



I 

4 



Tlic iiA'y-plnupliale of iron is, i^lso, an iiisuluble salt. Il tnaj be 
r»rine<l l>y miiiglina; the solutions of uhiisphatfi of soda and oxi-«ul< 
|il«(e of iron. Its colour is j^ellowisli wliile. KoUi these p:e|>ara- 
lions have lately HeriveJ aoine iiiipurtance, from being recotnDiended 
as remedies of cancer. 

Vlll. Tlic auccinu: ui;id cdmpOAeK with iron a brawn mass, insolu- 
ble in water. The ei)iDl)tH4tioii i* best effcctcil by doable d^conipo- 
liitiun, and especially by the addition uf,a solution of iuicciuate ^ 
aninioiiia to the salts of iron. A louse brown~red preeipitate of euc<- 
cjnate of iron falls down. This precipitate Klapi-oth exposes to heat, 
first by itself, and afterwards mixed with a small tjuantity of Unseed 
oil. The first operation destroys die acid, and the second reduces 
the metal tu the stale of black oxide. Now as the black oxide coo- 
tains, in 100 j)arts, 70,5 of metallic iron, the precipitation of a solu- 
tion, by succinate of ammonia, aRbrda a ready metlmd of estimating 
the c]iianu(y of ij'ou in any solutiuu of tbat metal, or in any of its 
salts. 

I\. The acetic acid, or even common vinegai', acts slowly upon 
iron, and forma a solution, which is of great use in dyeing and calico- 
printing. The Bcelite of iron may. also, b^ obtained by a double de- 
composition, if we imngle the sulutiont; of acetite of lime or of lead 
with one of sulphate of iron. It inny be fnrmed, also, by boiling 
acetite of lead witli metallic iron, tvhicn precipitates the lead in a me- 
tallic state. 

This combination of.iron with acetous acid may exist, like its other 
salts, in two diflerent states. In tlie one, the oside is at the tniniinum, 
and in the other at the maximum of oxidatiun. It is the latter salt 
only, which is adapted to the use of the dyer and calico-piintur. 

X. Ii'un is dissolved by water impregnated with carbonic acid. A 
few iron filings, when added to a bottle of aerated water, and occa- 
B)<^nally shaken up, impi*e^ate the water with this metal. This solu- 
tiOD is decomposed by boiling, and in a less degree by exposure to air. 

XI. li-uu combines witJ) sulphur, nnd attui-ds. compounds, tlie chft. 
racters of wlijch vary greatly according to tlio proportions of their 
components, (o) A paste of iron tilings, sulphur, and water, if is 
sufficient quantity, will burst, after some time, into Kame, (b) A ini» 
turc iif one part of iron filings and tliree pai'ls of sulphur, accurately 
mixed, nnd melted in a slasa tube, at the moment of union exhibite a 
brilliant combustion. The best method, however, of eSecting the 
combination of iron and sul]>linr is to take a bar of the metal, wliile 
of a glowing heat, from a smith's forge, and lo rub it with a roll of 
sulpliur. T)ie compound of iron and sulphur tails down in drops, and 
may be preserved in a phial. Uf all the compounds of sulphur, this 
is best adapted for atlbrding pure sulphuretted hydrogen gas with 
diluted ttciJs. (i') The sulphuret of iron, when moistened, rapidly 
decuinposes oxygen gas, and passes to the state of sulphate, (rf) Whea 
diluted Hulphuric or muriatic acid is poured on it, we obtain sulphu- 
retted hydrogen gas. 

In the sulphuret, made artificially by fusion, as ^e|l as in the oa- 
tivc sulphuret, iron (it has been shown by Proust and Mr- Hatchett) 




Win the metallic state. Two coinpoundK, also, have been proved to 
erist, the one with a laieer, the other with a smaller proportion of 
Sttlpliur. The former may be called tlie super-sulphuret ; and tlie 
l»tter, which is distinguished by the property of being masnetic, tlie 
^uiphuret. The super-sulphuret is known only as a natural product; 
It isnot magneUr; is nearly insoluble in diluted sulphuric anil mu- 
riatic acids; and gives no sulphuretted hydrogen gaa with acids. But 
lie sulphuret is reailily soluble, obeys tJie ntDcnet, and gives abund- 
,*nce 01 sulphuretted hydrogen with dilute acids. It is composed of 



Iron . 

Sulphur 



63 



iupcr-sulphuiet is composed of 



PI 
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100. 




Thougli the artificial sulphuret varies in its composition, yet it is 
probable that these varieties are occasioned, by the sulphuret being 
DHldianically mixed with different proportions of iron. The foregoira; 
y»pear to be the only well ascertained and deltnite compounds; and 
the analysis of tliem by Berzelius, it may be obsened, ap-ees very 
nearly witli that of Proust, and indeed does not differ, in eitlier case, 
one per cent If the sulphuret be, as is consistent with all we know 
at present, that compound in which sulphur exists in the smnlle&t 
proportion, this would be unfavuuruble to tiie notion of any oxide of 
iron with less gxygen than the black oxide. For in almost every 
oQicr instance, the protoxide of a metal contains a quantity of oxygen 
(jiial to half the sulphur in the pro-aulphuref, a coincidence auffi. 
tiently explained by admitting both to b? binary compounds, in the 
teifl^ of the word annexed to it by Mr. Ualtun, and tiiat the weight 
of tlie atom of oxygen is just half the weid)t of the atom of sulphur. 
Gay Liissnc contends for the existence of three sulphurets corres- 
ponding to his supposed three oxides of iron;* but the details of the 
experiments establishiug their existence still remain to be publishett. 

XII. Iron combines with carbon in varioutt proportions; and the 
variety of proportion occasions very different properties in the com- 
pound. On these varieties, and the occasional combination of a small 
proportion of oxygen, depend the qualities of the different kinds uf 
iron used in the arts, as cast iron, steel, 6ie. 6ic. The quantity of 
carbon, in the sub-carburets of iron, may be determined by solution 
in sulphurous acid, which dissolves the uon and sulphur, and has no 
^tlon on carbon. An iogenlous mode of analysis employed by Mr. 

• 80 Ann. de Cliiin, 170. 
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Mashet, consUts in ascertniniog the quantity of lithai^, 

fiven quantity of the iron under examinatian ia capable uf redvl 
y fasiun, tu a metallic stat«. 

There can scarcely be a more striking example of essentia] dif- 
ferences in esternal and physical characters being produced by slight 
differences of chemical composition ; for steel owes its properties to 
not mure than from l-60th to 1-1 40th its weight uf carbon. This ko- 

Sears to be the only addition necessary to convert iron into Btecl; 
tr though it is proved that die best steel is mude fium iron wlueh 
hns been procured from ores containing man^nese, yet careful anii 
skilful tmnlysis discovers no manganese in steel.* 

Cast o,- crude iron, besides cusual iinpur'itjes. contains oxygen, 
carbon, and tite metal uf silex; but its diHerences depend chiefly un 
the various proportions of carbon, which is greatest in the black, and 
least in the white, variety of iron. Berzelius, indeed, denies the pre- 
sence of oxygen in cast iron, and says tliat its diftejcnt kinds are 
produced by variable proportions of charcoal, manganese, and the 
jnetallic bases of magnesia and silex.t By the process of refinif^, 
the carbon nod oxygen, it has been supposed, unite together, and 
escape in t}ie form of carbonic oxide; while another part of the oxide 
of iron unites to tlie earthy matter, and rises to tlie surface in the 
form«f a dense slug. After tliij process, it forms tnatleablf a 









be considered a 



I stilt holdin 
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carbon in combination, the latter of wliich, even in very ductile iron, 
amounts, according to Berzelius, to about one half per cent. Hasi- 
senfralz has suggested that lion, whicli has been manufactured witJi 
wood charcoal, may probably contain protassium, and may owe its 
superiorily to this circumstance; and Berzelius has rendci*ed it pitK 
bable that even the must ductile iron contains siliciuin-t 

If bar iron be long and slowly heated, in contact with charcoal, it 
luses oxygen and acquires carbon, and tlius becomes gteeL A small 
proportioiionlyuf carbon is not capable of depriving it entirely of tile 
properties of malleable iron, for though it becomesaguud deul harder* 
yet it may still be welded. By union with astill furtlier quantity of 
carbon, it loses altogether the property of welding; is rendered 
harder and more compacts and forms the fine cast steel. Steel, ^lere- 
fore, though like cast iron it contains carbon, yet differs frmn It 
essentially in being destitute of oxygen and earth. The cliarcod. 
which it contains, appears in the form of a black stain, on applying a 
drop of almost any weak acid to the surface of polished steel. 

Another combination of iron and carbon, which is a true carburet 
of iron, is the substance called ptitmbago, or black-lead, used in 
fabricating pencils, and in covering iron to prevent rust. By exposure 
to the combined action of heat and air, the carbon is burned off, uid 
tlie oxide of iron rentains. When mingled also with powdered nitrate 
of potash, and thrown into a crucible, a deflagration ensues; and an 
oxide of iron may be obtained by washing uS the alkali of the nitre. 

t 40 PlilI.Mag'. p. 245. 
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a recent exiieriments of Messrs. Allen and Pepys, it appears 
e plumbs^, when burnt in oxygen gas, leaves a residue of oxic 
_ D »rnouiiUngAnlytoaboul5percent.; and thatitgiveft very nearly 
tlie same iiuintity of carbonic acid, by combustion, as tlic aiamoua 
snd cliarwal. When intensely heated in a Toricellian vacuum by ). 
Voltftic battery. Sir H. Piit'y found that its cliaractei's remained wholly 
unaltered. Neither could any evidence of its contunint^ oxygen be 
derived from ihe action of potassium-* But when exposed to tli ' 
focus of a powerful lens in oxygen gas, he has lately observed thi 
(Re gas bei:ame clouded duiing the process, and that tliere was a di 
position of dew on the interior surface of the glass globe; a fact which 
mdicates thai plumbago, like cliaicual, contams a small proportion of 
hydrogen. 

Iron unites with various otlier met;Lls. With potassium and sodium, 
it forms alloys more fusible and whiter than iron, and which elTurvesce 
when added to water. Stromeyei-t has investigated the alloy of iron 
and silicium. It is formed by heating together ivnn, silen, and char- 
coal. The alloy is dissolved very slowly by acids, for it becomes 
covei-ed with a coat of silex, which defends it from farther action, t" 
it has been removed. Manganese forms a white and brittle aI1< 
with iron. Iron, also, forms an alloy witli tin; and iron plateB, pi 
vionsly cleaned by a diluie acid, may be covered with tin by dlppioj 
tliem into that metal when melted. 
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To iililaiii nickel in a state of purity, the metal usually sold 
_ r lliat iiauie may be dissolved in diluted nitric acid; the sola- ' 
Bon, evaporated to dryness; and the clry mass be again, for three or 
foar times, alternately dissolved in the acid, and boiled to dryness. 
After the last evaporation, the mass may be dissolved in a solution of 
pure ammonia; which has been proved, by its occasioning noprecipi- a 
lation from muriate of lime, to be free from carbonic acid. The solo^J 
tion is next to be evaporated to dryness ; and, after being well rnixedS 
wiUi twice or Ihricc its weight of black flux, is to be exposed to a vio-" 
lent heat in a crucible for half or three quarters of an hour. 

Other processes, for obtaining and purifyin"; nickel, are described 
byRicliter in the 12th volume of Nicholson's Journal; by Robiquet in 
the 69th, and by Tupputi in the TSth, volumes of the Annalcs de 
Chiiiiie. The last-mentioned memoir contains an elaborate investi- J 
gatiun of the properties and combinations of nickel. 

Pore nickel has the following characters: 



MfLTALS. eilAI-. XIX. 

1. ItH colour IS white, &nd intermediate between those of silver anil 
tin. Itadmits of beina; finely polished, and has then a luatre between 
those of steel and platinum. When ignited, ita colour changes to 
that of antique bronze, which is increased everj time the metal is 
heated. 

2. It is perfectly malleable, and may be foi~^ when hot inl'o bare, 
and hammered, int« plates when cold. At 54}" Fahrenheit, Tf»urte 
found its specific Rravily 8.403, and, after being thon>us;lil^ hanimer- 
ed, 8.952, It is ductile, and may be dmwn into very fine wire. It cai*- 
not easily be sol<hred, on account of the oxide which forms un m 
BQi'faCe wlien heated. Its power of c^nducfm"; heat is superior 6» 
ftat either of copper or zinc. Its magnetic property is very remark- 
able, and is retained when it is alloyed with a llltlc arsenic, and, 
as LampadiuH has ahown,* wiUi other metals. In difficult fusibiUty 
by heat, it appears to equal manganese. 

3. Nickel appears to be susceptible of (wo d'dTerent states of oxi- 
. dation. By long cxposiire to a red heat, with free access of air, it is 

cuQverted into a dark brown oxide, which is still magnetic. In oxygeh 
pas, it bums vividly, and throws out sparks. When precipitated from 
its solutions by alkidies, and modemtely ignited, it becomes of an 
nsh-grey colour with a slight tinge of blue or green, and in this state 
t contains, according to tCtaproth, 66 metal, and 34 oxygen- By fsi> 
tlier ignitiof, it becomes blacklsli grey, and tlien consists, as stated I7 
Richter, of 78 metal, and 32 o:(ygen. Tupputi, from 100 grains of 
nickel dissolved in nitric acid, precipitated by a fixed alkali, and cal- 
cined, obtained 127 t^raius of an aiih.grey powder, which is to be con- 
sidered as tlie protoxide. Hence it is composed of 



Nickel . 



Thenaiil deaciibea a black iieroxide of nickel, obtained by poaaiqii < 
;i carrent of chlorine gas, throi^h water, in which the hydrate is HtU;^ 
pended. Its precise composition is uukuown. In a sumciently hi|^ 
temperature, its o:iides are reducible witliout addition ; nor is it moce , 
tarnished by a Strang heat than gold, silver, or platinum. It rauksi 
tlierefore, among the noble or perfect metals. 

4. The sulphuric and muriatic acids have little action on nickel. 
Ita appropriate solvents are the nitric aiid^nitro-muriaiic acids. The 
nitric solution has a beautiful grass^reen colour. Carbonate of pot- 
ash tlirows down an apple-greeo pwcipilate, which assumes a dark 
girey colour when heated. The fixed alkalies occasion a bulky green- 
ish white precipitate, which is a.hydj-ate or hydro-oxide of nickcU 
composed of "6 per cent, of die prolonide and 24 water. 

5. When pure ammonia is added to nitrate of nickel, a precipitate 
is formed, resembling that which Is separated by ammonia from a m 

' Thomson's Annals, v. 63, 



lution of copper, but not of so deep a liue. This colour changes, io 
an hour or two, to an amcthy§t red, ami to a violet; which coloura 
aft converted To apple^reen by an acid, and asjaiD to blue and violet 
by ammoDia. If the precipitate retain its blite colour, the presence 
af copper is indicated.* This precipitate, which is r hydrAte, is solu- 
U« by an excess ofanimoDia; and by this property the o:cide of nickel 
HMV be separated, in analysea, Irom those of almost all other metals. 

o. Nickel, when heated in chlorine, affords an olive-coloured C0ni> 
pound; and tlie lii|uiit muriate, when evaporated and stroa^ly heated, 
^ves brilliant white scales, which consist of nickel and chlorine. 
infain the lai-gest proportion of chlo- 
inpounds has not yet been accurately 
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im analogy, the first should < 
rinc; but the analysis of these c 
effected. 
Z' Solutions of all the salts of nickel arc ilecoinposed by alkaline 

"* ilphurets, with which they form black precipitates; but sul- 

* liydriwen has no effect on thern. Nickel may, however, be 
mrectly with sulphur by fusion, and f^is a grey coni' 
with a metallic lustre. It contiiins, accoi'diiqp» Mr. K. Davy's 
imcitts, S4 per cent of sujpliuri nml the suner-sulphuret, which 
be formed by heating the prolbxide with siffphur, is stated, by' 
ime chemist, to contain 43.5 per cent, of sulphur. 
Vrom the solutions of nickel, prostate of potash throws down a 
■e>*green precipitate. According to Bergman, 2J0 parts of this con- 
tra 100 nr metallic nickel. This statement, however, differs conBi< 
derably from Klaproth's, according to whom 100 grains of nickel, 
^^Abf solution in sulphuiic acid, give a precipitate by prussiate of pot- 
^^Ba^. which, after being ignited, weighs 300 gi-aina. 
^^KIO. Tincture of galls produces no change in these solutions. 
^^K^l. Tlie solutions of nickel do not <lepnsit the metal either on 
^ipotiahed iron or zlnc.t All that takes place by tlie action of zinc, is 
OC separation of a mud-coloured precipitate, consisting, for the most 

Srt, of arsenic and iron, with which nickel generally abounds. Hence 
i green colour of tlie solution of nickel Is greatly improved by the 
«ctioa of 7-inc. 

la. Nickel may be alloyed with most of the metals, but the com- 
j^ounds have no (mrticulariy interesting qualities. An alloy of iixm 
ud nickdl has been found in all the meteoric atones that have hitherto 
been analj~/«d, however remote fiom each other the parts of the world 
in which they have fallen. In these, it forms from 1 j to 17 per cent, 
ef their weight. It" enters, also, into the composition of the lat^ 
masses of native iron discovered In Liberia and in South Attieiica. 

To detect, in a general way, tlie presence of nickel in ii-on. Dr. 
'WoUaston recommends that a small quantity (which need not exceed 
' 1>lC>0lh of a grain) should be filled from the s[M-ciiuen; dissolved in a 
drop of nitric acid; and evaporated to dryness. A drop or two ef 
pure liijuid ammonia, added to the dry mass and gently warmed, dis- , 
89lves any nickel that may be present. The transpaient pari nf ths * 

• See Risliier in Nii-liolsoii's .loiirnul, J 
I See Klaprotli'k Analyllcvl I>s«i}'», i. ' 
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fluid ia then to be leil. by tlie em) or a ^lass rod. to a small distance 
irom the precipitated oxide of iron; and the additioa of a'drup of 
triple pnissiate of potash detects the presence of nickel bj the apr 
|>earance or a milky cloud, which is not discernible ill the solution of 
a similar quantity of common wrouj^lit iron treated in the same man- 
ner. TLe method of ascertaining the quantity of nickel in its aUof 
with iron, employed by the same philosopher, will he tli-iicribed in Ibe 
chapter en roinernl analysis. 
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Tin. 

The properties of tin must be examined in the state of grain 
block-tin; what is commonly known by the nameof tin, being nol 
more than iroMHates with a thin covering of this metal, S6" 
tarieticB are met with in commerce, for tlie discrimination of w ^ 
and the means of jidging of their purity, Vauquetin has given useful 
instructions in the 'Ztli volume of the Annales de Chimie. Cornisk 
tin has been shown by Dr. Thomson to contain only a very minuta 
proportion of foreign metals, never exceeding, and for rhe most ptrt 
much less than l-5CK)t!i part, which is chiefly copper derived from fbe 

Tin has a silvery white colour, and by exposure to the ^'r acqutret 
a sli^t superficial tarnish, which does not appear to increase by tiin& 
Its specific gravity is about 7.9. It is extremely sofi; scarcely, if 
at all, elastic ; and when a piece of it is bent backwards and forwftnli, 
it gives a peculiar crackling noise. It is very malleable, and may be 
beaten into leaves, l-lOOOth of an inch thick. 

1, Tin melts on the application of a moderate heat, equal to 442" 
Fahrenheit, by a long continuance of which it is converted into I 
{^y powder. This powder, which appears to be the first oxid| 
tin, wtieo mixed with pure glass, forms a white enamel. It mflT 

fTOCured, also, by calcining, in a close vessel, the precipitate t 
resh made muriate of tin by carbonate of potash. 

'ITie grey oxide, when brought to a full red heat, takes fire; „ 

acqnirin;z: an increase of oxygen, passes to a pnre white colour. 'HiIk 
white oxide, when tiie heat is considerably raised, loses a part of it» 
((itygen and runs into fnsiun. The white oxide may be obtatfleJ if 
once by projecting tin into a crucible intensely heated, whei^f 
Oxide rises in the form of Howers somewhat resembling those ot^T 
U niaj, also, be procured, as Berzelius found, by distilling powAj 
tin with red oxide of mercury. \ 

The oxides of tin have been investigated by Gay Ijussac and) 
zelius, and their results dittei' so little, that eitlier of them n 
presumed to be coriect. Gay Lussac states tlic composition OlJ 
protoxide to be 

* Thumson'a Annal* 1. 186. 



Oxygen . 



11.90 



B witli KJaproth, 



r Anil thntoC the peroxide, in wliich he 

Tin 79 . 

Oiygen 21 . 
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i these tvpo oxiiles, Rer/.elius susjiecls the existence of ad^ 
termetliate otic, which is formed when tin is acted on by nitro- 
miiriatic acid; and which enters into the composition itf deulo^ 
•hloride of tin.t It has a yellow colour, and. from theory, should 
consist of 100 metal -f- 20.4 oxygien; but he does not appear fitlly to 
have satisfied himself on the subjectj and its existence is ihouglit by 
G^Lus^ac to be extremely questionable. 

Tile oxides of tin hoA'e, in a certain ilegree, tJie properties of acids, 
so as to render it doubtful whether tliey should not be arranged in 
tliat class of compounds. But their affinities for bases aie so extremely 
feeble, that it seems adviseable, on tlie whole, to retain them in the 
class of oxides. 

The precipitates from solutions of tin by alkalies arc hydrates, and 
have a white colour. They are soluble in an excess of fixed alkali; 
but the oxide is precipitated by the weakest acid, even tlie carbonic. 
The hydrates of tin are, also, decomposed by the action of boiling 
water. Dr. Thomson has described two hydrates, tlie one composed 
■ of 100 peroxide and 24 water, tile other of 100 peroxide and 48 
water.! 

II. Tin is not oxidized at common temperatures by exposure lo 
air with tlie concurrence of moisture; a property which is the founda- 
tion of its use in covering iron. 

III. Tin amalgamates readily with mercury; and this compound is 
much used in the silvering of looking glasses. It is formed by adding 
eradually three parts of mercury to twelve of tin melted in an iraa 
ladle, and stirriog the mixture. 

IV. Tin dissolves in sulphuric acid, which takes up, wjien con- 
centrated and heated, half its weight. It is dissolved also by this acid. 

' diluted mihaboutafourthitswei^itofwater.andheuted. Duringbotli 
these processes, sulphurous aciij is disenga^d ; and, in the latfei*. a 
pellicle of sulphur forms on the surface of^the solution, which pre- 
cinitates on cooling. When saturated, Lhe solution deposits, after a 
wnile, needle-shaped crystalsof sulphate of tin. If the sulphate be 
bmg boiled, a copious white precipitate subsides, which will not again 
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dissolve. It is CDinpgsed of the white oxide retaining only a « 
purtioD of acid, unii constituting in fact a snlhDulpkate. 

V. When nitric acid'highly concentrated is poured upon tin fi 
very little effect is produced ; but when a small quantity of wat 
adued, a violent eticrvescence follows; and the metal is reduce 
a bulky powder, which is the white oxide retaining a little acid 
more water be added, an acid liquor is obtained, holding vety U 
tin in solution. Tin, however, i« slowly dissolved, without eneQ 
cencc, in nitric acid greatly diluted. The solution is yelloWfi 
deposits oxide of tin by keeping. 

VI, Muriatic acid, undiluted, is the proper solvent of tin.' xo onv 
part of tin, in n tubulated ret'irt, two parts of concenfrutcd niuriatSc 
acid Hre to be added, and heat applied. The solution is complete, 
with the eitccplion of a small quanti^ of black powder, which constats 
of protoxide of copper;' and the acid takes up about one-fourth of ite 
Weight of tin.t The solution has always an excess of acid; is per- 
fecUy limpid and colourless; and contains the meUl at the minimum 
of oxidalion. It has a tendency, however, to acquire a farther pro- 
portion of oxvgeu, Bud should, tiierefore, be carefully preserved from 
contact witli the air. This property of absorbing oxygen is sb re- 
markable, that it niay even be applied to eudiometrical purposes. It 
has, also, tlie property of reducing, to a minimum of oxidation, thos& 
compounds of iron, in which the metal is fully oxidized. For exara* 
pie, it reduces the red sulphate to tlie green. It is a test also of gold 
And platinum, as already noticed, and blackens the solution of cor- 
rosive sublimate. With hydro- au I phu rets it gives a black precipitate. 

VU. Tin may be brought to combine with chlorine, by first form- 
ing it into amalgam with mercury, triturating this with an equal 
weight of corroidve sublimate, and distilUng the mixture. Or the 
same compound may be formed, according to Proust, by distilling a 
mixture of^ eight ounces of powdered tin and twenty-four ounces rf 
corrosive sublimate. The result is a liquid which emits dense white 
' fumes, when exposed (o the air, and was formerly tcimed the fuming 
liquor uf Litiavius. It gives no precipitate witli muriate of gold or 
muriate of mercury — aHoiils a yellow sediment with h^ydrn-Bulpharet 
of potash — dissolves a farther portion of tlie metal witliout efferves- 
cence, and is then changetl into the common muriate, 

This cumiiound, accoi-ding to the researches of Adet, is an ovg- 
muriatf of tin (or, according to the theory of chlorine, a per- 
tklorivE 6/f.iii), perfectly free from water, and having a strong aflini^ 
fur that fluid. Hence urises its fuming property; for the white va- 
pours, which exhale when the bottle is unstopped, tirise from tlie unioit 
of tlie salt with the moisture of the air. It may be formed at once, bj 
heating tin in chlorine gas; and it consists, according to Dr. Davy, 
who calls it sfsmianea, uf 
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led prottichlor'-de of tin, maj be ob- 



ProttHihloriile . 



(Tin 



RAnoiher compound nF tin u 

sttinnane, bnl innre [ii-operly uamed prot^ichlor-de of tin, may b 

tainttl by heating togetlier an ainnt^m of tin unil caloinel. Itdissolves 

in wster.aml forms a aplulinn, similar In tlienmriate ol tlie protuxidc, 

^^wllich rapidly absucbs oxyaien fmm the air, and deposits peroxide of 

l~ "■ 

VIII. T!ie nitru-inuriatic aciil (fi>rmed by mixing two or three 
paiis of muriatic acid ami one of nitiic,) dissalves tin abundantly, 
witli violent effervescence, and with so much heat,thatit is necessary 
to add the metal slowly by successive portions. The solution is 
apt to congeal into a tremulous gelatinous muss; and if water be 
added, it is pnrtly decomposeil, and some oxide separated. The 
solution, used by tlie scarlet dyers, is prepared with tliat dilottj nitric 
uid called single ai|ua-fortis, to each pound of wtnch ^re added from 
one to two ounces of tlie nmi'iate of soda or ammonia. This com- 
potind acid is capable uf tAing up about an eighth its weight of tin. 

IX. Acetic acid (distilled vinegar) by dij^stion with tin filings 
lakes up a portion of the metal, and acquires an opalescent or milky 
appearance. The solution is decomposed by the action of the air, and 
deposits an insoluble oxide. 

Tin dissolves in tartaric acid; and the solution is applied to the 
■•eful purposes of wef-tiiiniiig, the process for which is described in 
Aikin's Dictionary, ii. -127. 

X. Tin unites with sulphur, but rcrjuires, for its combination, sa 
htgit a temperatui-e, that at the moment of union there is too small a 
quantity of sulphur present, to saturate the tin, and a mechanical 
inizture results of tin and sulphuret of tin. The only method of ob- 
taining; tlie saturated sulphuret, is to melt the mirum musivam, which 
will presently be described, in close vessels. Tlie proto-sulphuret is 
ftf a bluish colour and lamellated structure. It is composed, accord- 
big to Dr- John Davy and Berzelius, of 



78.6 



Tin . 

Sulphur 



. The second sulphuret, or persitlphuret of tin, (aurtim wmivuw,) 
IB rormed by heating sulphur with pcrosidc of tin. It !s of a beauti- 




ful gold colour, and flnky in its structure. Proust waa of opinion d 
it is a sulphurptled oxide; but Dr. Davy and Bei7.eliiis have bIm' 
that tlie tin is in a metallic state. According to ttie former, it a 
<ists of 
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Berzelius, bv redislilling pe.r^sulphuret of tin with sulphu . 

ed a compounii of a gi-ejiflh colour and metallic lustre, which lie found 
to be composed of 100 (in aud 40^51 sulphur, or exactly intermediata 
between die two which have been alreaiij described. It is probable, 
however, that it was merely a mixture of the two sulphurets, and not 
a distinct compound. 

XI. Tin fonns useful alloys with many of the metals. Pewter i^^ 
one of these; and tlie best kind of il is entirely free from lead, being 
composed chiefly of tin witli small proportions of antimony, copper, 
and tiismuth.'* A mixture of tin and lead, in about equal parte, com- 
poses the common plumbersf si>lde.r. Tin enters, also, into the com- 
position of hetl-metat and broaxe; and one of the most useful applU 
cations of it is to the tinning of iron plates, which is effected by dip- 
ping the plates into melted tin. The process, however, requires seve* 
ralT)i-e[iminary steps, which are deacnbed in Watson'd CliemicaJ F' 
says, vol. ix., and in Mr. Parkes's Chemical Catechism. 



Lettd. 

T» obtain lead in a state of purity, Berzelius dissolved it il 
acid, and crystallized the salt several times, till the mother lia 
en adding carbonate of ammonia, gave no traces of copper. T' " - 
nitrate oflead, mixed witJi charcoal, was strongly heated in a 
crucible; and the lead, which separated, was kept some time ii 
of fusion, in onler to fiee it entirely from charcoal. The lead, ■ 
obtained, when redisaolved in nitric acid, gave no trace of a 
metal. 

Lead has a bluish white colosr; and, when recently cut or mel 
considerable lustre, which soon, how'ever, tarnishes. Its specil 
vity is 1 1.353. Its mulleability is sufficient to allow its being >1 
into very thin leaves; and it may be drawn into wire, which h ' 
tenacity, however, than that of most other metals. 

" On the alloys of tin, a memoir of M. Dussausoy may be conaulteil iifi 

Sth vol. of* Ann. de Chim. et Pliys.; and Mr. ChuuJet's paper in '"- 

'in (be 7[h Tolumes. 



The melting point of lead, according to Morvpau, is 590' Fahren- 
Iwiti but according tii Mr. Criclilon ofGlasgnw, it is 612°. Esposed 
lo A red heat, with free access of air, it smokes and aublimes, aad 
gives a grev oxide, whicli collects on surroundini; cold bodiea. It is 
uowlj OKiaized, also, by exposure to tlie atmosphere at common Icm- 
peratures; and more rapidly, when expueeil alternately to tlte aetata 
flf air and water. " 

Lead a|ipears to be iiusceptible of forming three distinct oudei. 
1. Tile yellow oxide may be obtnined by decomposing nitrate of lead 
with cai'bonate of soda, "aui! igniting the precipitate, or by heating 
ttte nitrate to redness in a close vessel. This oxide is tasteless, in^o- 
'llibl« in water, but soluble iu potash and in acids. When heated, it 
fvrma a yellow semi-transparent glass. Another form of the yellow 
oxide U that which is known in commerce by the name of masidcot. 
The yellow or protoxide of lead has been investigated by Proust, 
Thomson, and Bet^elius ; and it« compusitlun, as determined by the 
Ikst mention ed'chemi>4 1, is 
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2. The second, or drntoxide of lead, may be obtained by exposing 
^e protoxide of leail. or the metal itself, to heat, with a lai^ surface 
Kid a free access of aii', for some time, till, at length, it is converted 
Inbi a red oxide, known in commerce by the names of minfuTn or red 
kad. This, however, is an Impure substance, containing sulphate of 
\sitA, muriate of lead with excess of base, oxide of copper, silex, and 
ft portion of tlie yellow oxide. This, Berzelius found, may be removed 
bf seetic acid, which does not act on the red oside. Making allow- 
auc« foi' the other impurities, he determined the composition of red 
Bxide of lead, which may be considered as the deutoxide, to be 
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When minium is digested with nitric acid, one part of it is induced 
a the state of yellow oxide, and is dissolved by the acid ; and the 
leniiuuder is a brown oxide, contaminated (if pure minium has been 
nseA) with the substances which have been mentionetl. This oxide 
Uy be procured, also, by passing a cui'rent of oxymuriatic acid gas 
BUKh water, in which me red oxide is kept suspended, and by pre- 
'j&bng with caustic potash, and drying the oxide. It is of a flea or 
£ colour; very fine and light in its texture; and insolubie ia nitric 
'. When strongly heated, it gives out three or four per cent, of 
_ _jen gas, and is converted i[ito yellow oxide. It consists, aocnrd- 
iag tu Berzelius, of 



I 
I 



I 
I 



fpn compari^s; tlie ([imiititJes (if oxygen unileil with 100 piurtBH 
Ica<I, in these three oxides, we ahull huiI Uiut tlie nuint>ers 7.7, IIJOS, 
and 15.6, are very nearly in tlic proportion uf 1, 1 4, and 2. If. there- 
fore, we inuUiiily lliese Ifist nuiHbers by 2, we alioll linve the osyjjen, 
in the three oxides ol' lead, represented by ^ 3, and 4; and [his view 
of the subject would render it pi-olxible, that tliere exists an oxide bf 
lead, with less oxygen Uian any at present known. I havp, therefonr, 
till tills can be lii'cided, retained tlie names of the tliree oxides whicli - 
are derived front tlieir colour, viz. the ijHlow, the red, aail tlie j 
oxides. 

The yellow oxide of lead, when precipitated by pure alkalies fl 
its compounda, forma a white hydrate, tlie composition of whii' 
not exactly known. 

TheosideflOf lead are easily vitriliud, and have the j 
uniting with all the metttla exi:ept gold and silver. Hence '{ 
silver may be purified by melting them with lead. The i 
to be kept, fui- Home time, in a state of fusion In a itut cup n 
bone ashef, and culled a cupd or test. Tlie lead becoii 
and sinks into tlie cupel, carrying along with it all the buser n 
and leaving the gold or silver on the surface of the cupel. The 
tity of lead required for silver of various degrees of nneiiess n 
learned from a memoir of d'Aicet, in the first volume of Aun^ 
Chiin. et Physique. 

The oxides of lead give up their oxygen on the application ol 
When distilled in an earthen i-eturt. they alTord osygen gasi ixA 
more readily when distilled with concentrated sulphuric acid. 

To procure oxygen gas, sulphuric arid may be poured on t1 
oxide uf lead, contained in a gas bottie, and a gentle lieat aj 
The gas, thus obtained, after being agitated wifli water, is sufEcti 
pure for common purposes. 

The oxides of lead are also re'diiced, by being ignited v 
tible matter. Thus, when a uiixture uf red oxide of lead and 
coal is ignited in a crucible, a button of metallic lead will be i 
at the bottom of the vessel. Mere trituration uf llie peroxid^ 
mortar with a little sulphur, and tlie subsequent addition of a 
bit of phosphoi-us, occasions a violent explosion. t 

11. Pure water has no action on lead ; but it takes np asmi 
porUoD of the oxide of that metal. When left in contact with 
Kvith the acces-s of atmospherical air, lead soon bet-omes uxidiz 
dissolved, especially if agitation be used. Hence the danger of K 
pipes and vessels fur containing water, which is iutendeifto be d 

• Thomian's Annul*, ix, 31. 



T app^rs bIso to act more readily on(lea[l4lphen impregnated 
.. h the neutral salts that are occasionally present id spring water." 
m. Sulphuric acid has no actioo on lead, except wiien conce 
(rated and at a boiling temperature. It is then decompoBed, and eul- 
phtirous acid is Tormed. The insolubility of lead io sulphuric acid 
occasions its being employed as the material for constructing the 
(tiamb^rs in which that acid is prepared, and even for boiling down 
tbe weak acid. Sulpliate of teaii, however, may be formed, either by 
* lading sulphuric acid, or still better, sulphate of soda, to any of the 
nib of leail. Its insolubility renders its formation of use as a step 
jneral analyses, and hence it is necessary I o know its exact com- 
" "I, which is stated by Berzelius as follows: — 



egnated ^^M 



100. 



379 



If the whole oxygen in the sulphate of lead be supposed to be di- 
vided into four parts, one of these, it is remarked, by Berzelius, a 
twnbined with the lead, and three with the sulphur. In the sulphite, 
sne third of the oxygen is united with the lead, and two thirds witli 
UiK sulnhui-. 

IV. Nitiic acid, a Utile diluted, dissolves lead, with the extrication 
•f nitrous ^as. If the acid be in small quantity, a sub-nitrate is farm- 
ed, which becomes soluble on adding moie acid. A small portion 
iHDutis undissolved, which Dr. Thomson finds to be oxide of anti- 
mony with a little siles. The solution is not decomnosed when poured 
iotb water. By evaporation, it yields large regular erptals, which 
■re soluble in aboiit 7J parts of boiling water. They contain no 
water of crystallization, and consist, according to Berzelius, of 



I 



Nitric acid .... 32.r8 
Yellow oxide .... 67.22 




100. 

209.5 


100. 




309.5 


Chevreul considers this salt as a sup^ 
■caiyaalt, which is the neutral nitrate, con 


r-nitrate,* 
sisting of 


and describes 


Nitric acid .... 19.86 
Yellow oxide .... 8U.14 




100 
403 



By boiling 4 parts of the super-nitrate, and 6 of lead, with 350 
L duts of water, for 14 hours, Chevreul obtained aliquid, which yielded 

■ On the presence of lead in 
I Bectiag Spring Water," (8to. 
l.kMtn. 103. 

f 1 Thomson's Annals, 101. 
Vol. II.— O 




two eorls of crysBb; tkf one, in the form of plates, a ntfritf ,* 
tite other, in Uik snipe oT needles, a stih-iiilritf. The nitrite was li 
soluble in coIJ water, and boiling water di§Holved only about a tf 
of its weight. It was deconipuBed by all tlii; acids that were b 
tituunts are 



100 



The sub-nitrite crystallized in needle!*, of which 100 parts of I 
itig water dissolved about three parts, and lelained one, when coi 
down to 73° Fahrenheit It consisted of 



I 



100. 

V. When Ihc nitrate, or any other soluble salt of lead, is adde 
a solution of common salt, a precipitate takes place of muriateof I 
The same compouod may, also, be obtained by 
fine gas, or by treating the oxides of lead with 
dry, the compound is a dull serai-transparent substance, fusible i 
heat below retlness, and volatile at an intense heat It has a 8^ 
taste, and is soluble in 33 parts of cold water. It has successive!' 
i-eivMl the names of hnrti lead, muriate of lead, and plmujmne; 1 
£clius states its composition to be 



by heating lead in i 
ith muriatic acid. Vi 



, 


Muriatic 
Yellow 


acid 
xide 


. . . 19.64 . . . 
. . . 80.36 . . . 

100. 


. 100. 
. 409J)G 


But 
metalli 


according 
ic lead, or c 

Chlorine 
Lead . 


to Sir H. Davy, it is a compound of chlor 
hloride of lead, composed of ^ 






. . . 2-1.62 . . . 
. . . -5.38 . . . 


. 100 1 

. 306 



100. 



When two parts of the red oxide of lead are r 
muriate of soda, and the mixture ii 



iruM 

ith^ 



ixed wittf 
made into a paste widt 
the common salt is decomposed, and a muriate, or probably a sut>- 
riate or sub-chloride of lead is formed, which, on liisiou, attbrds 
substance called miaewU or patetit yellow. The soda is disengu 
and attracts carbonic acid from the atmosphere, but not -^ 



>^ 



tSCT. let L«AB. lOr 

•oorert it into a carbonate. In the large way, it is found neGessaiT 
ia supply carix>nic acid to the soda, thiis prepared, by burning it with 
Mtw-dnst 

YL Carbonic acid may be brought to combine with protoxide of 
lead, by precipitating the nitrate of lead with carbonate of soda, or 
by long exposure of' thin sheets of lead to the vapour of 'vinegar. In 
the latter case, we obtain the carbonate of lead or common white 
lead, which Bergman has shown to contain no acetic acid, thougK 
made by its intervention. According to Berzelius, it consists of 

Carbonic acid 16.5 

Oxide of lead 83.5 



100. 



VIL When carbonate of lead is dissolved in distilled vinegar, and 
the solution crystallized, we obtain a salt of great utility in tiie arts, 
the super-acetate, or more properly acetate, of lead, long known, 
from its sweet taste, under the name of sugar of lead. 

It IB in the form of small shining needle-shaped crystals, whi^h are 
liearlj equally soluble in hot and in cold water, viz, to about one- 
fbartn the weiglit of the fluid. The solution is decomposed by mere 
ezpOBure to the air, the carbonic acid attracting the lead, and forming 
an insoluble carbonate. It is decomposed, also, by the carbonates 
And sulphates of alkali. 

Acetate of lead consists, according to the experiments of Berze- 
lius, of 

Acid ...... 26.97 .... 100. 

Yellow oxide . . . 58.71 .... 217.662 

Water 14.32 .... 



100. 



By boiling in water, a solution of 100 parts of acetate «nd 150 of 
finely pulverized litharge, the acetate passes to the state of -sub-ace- 
tate. The taste of tliis salt is less sweet; it is less soluble in water; 
and crystallizes in plates. It is composed, according to Berzelius, of 

Acid 13.23 100 

Yellow oxide . . • 86.77 . . • . . 656 



100. 



The oxide in the sub-acetate is, therefore, so nearly three times 
that contained in the acetate, that we may consider the composition 
•f these salts as furnishing an additional example of the law of sim- 
ple multiples. 

All the solutions of lead are decomposed by sulphuretted hydro- 
gen and by alkaline hydro-sulphurets. Hence these compounds are 




excellent tests of the presence of lead in wine or any other liquor, dU- 
UDvering it by a dark-coloured precipitate. Hence, aUo, characters 
traced with solution of acetate of lead, become legible when exposed 
to aulphurfttled hydrogen eaa. The same property explains, tuo, the 
effect of alkaline' hydro^ulphurcts in blackening the gjasa bottlesiis 
which they are kept The eft'ect is owiogto tiie action of the sulpha- 
retted liytlrogen on the oxide of lead which all white glass contains. 
VIII. The yellow oxide of lead unites with phosplmric acid, eith« 
directly or by mixing; the Bolutions of a neutral alkaline phosphate 
and of nitrate or acetate of lead. The compound is insoluble, a nd a ~ 
composed, according to Beri!.elius, of 



100. 



4B0.5 



26.2 



126,2 



Tonl^^ 



IX Lead unites in i(s metallic state witli sulphur; and aSbrd 
compound of a blue colour with considerable brilliancy called emi 
Una, This compound may, also, be formed artificially. It is remar£i^< 
by Berzelius tliat the sulphur and lead, which it contains, are in bu«^ 
proportions, that wlien both are combined with oxygien, and con»eB7-1 
ed, the one into sulphuric acid, ami the other into yellow oxide « 
lead, the acid and oxide exactly saturate each other. These prepoj 
tions he found to be ' «ri 



SECTION XIT. 

The zinc of commerce, known by tlie name of ftpdtre, ii 

pure, but contains lead and solnhur. To purify it, xiiic must be d 
solved in diluted sulpluiric acid; a plate of 7.inc is then to be iM* 
mersed in the solution, to precipitate other metals, which it may coc^ 
tain; the solution must be decomposed by sub-carbonate of potasl* 
and the precipitate ignited with charcoal powder. 

Zinc is of a brilliant white colour witii a shade of blue. Its speufic 
gravity varies from 6.86 to 7.1, the lightest being the purest. By 
" ai'ticulor treatment it becomes malleabje," and maybe beaten iiit» 

ir drawn into wire. 

ia annaiiiiced by Mr, Silvester 



c is melteil l>y a moderate heat, fix. at ab^t €80' 
_, t, anJ the fused mass, oa ciwl'mg, Ibriiis regular crystals, 

11. By exposure to the air, at a low temperatm-e, it slovily acqiures 
a. coating of grey oxide; but wheu kept in a deo'ee of heat, barely 
sufficient for ita fusion, zinc becomes ciivereil with a grey oxide. If 
thrown into a crucible, or deep earthen pot, hented to w|iii«neBS, it 
suddenly inftames; byrus with a beautiful white flame; and a white 
utd light oxide, containing some carbonate, ttublimes, having a consi- 
derable resemblance to carded wool. This oxide, however, when 
once deposited, is no longer volatile ; but, if exposed to a violent heat, 
runs into ^lass. It has been examined with much attention by Proust, 
who found it to consist of SO paita of z.iuc and 30 oxygen. Gay Lus- 
sac' and Beraeliust have since investigated it, atiU agree in consider- 
ing it as composed of 

Zinc 80.,W .... 100. 

Oxygen .... 19.61 .... 24.4 

100. 124.4 



Fahi-en- ^^| 



Zinc decomposes water very slowly at common temperatures, but 
with great L'ajiidity, if the vapour of water be brought into contact 
with it when ignited. In whatever way it is oxidized, we obtain the 
compound already described, which is the only known oxide of zincj; 

III. Zinc readily dissolves in diluted sulphuric acid, with the ex- 
ception of a small quantity of black |M)wder, which Vogel found to be 
composed of charcoal, iron, and sulphate of lead. The acid, duiing 
its itctioQ on this metal, evolves hydrogen gas; and tlie gas, when 
Stained, besides other impurities, holds in combination a portion of 
die metal. A stream of it, burned in Cuthbertson's apparatus (pl.iv. 
lis. 34,) has been found, if recently prepared, to occasion tlie fusion 
of the platinum wire, though the pure aas is destitute of this pro- 
perty. This hydrogen gas, holding zinc in solution, may also be ob- 
tained by a procesa ofVamiuelin. A mixture of the ore of :£inc, 
oiled blende, or calamine, with charcoal, is to be put into a porcelain 
tube, which is to be placed horizontally in a furnace, and, when red- 
hut, tlie vapour of water is to be driven over it. The gas tiiat is pro- 
duced, however, is a mixture of carbonic acid, carburetted hydrogen, 
and hydrozincic g;bb. The zinc is deposited on the surface of the 
water, by which this ^s is confined; but, if burned when recently 
prepared, the gas exhibits, in consequence of this impregnation, a 
blue flame. 

The solution of zinc in sulphuric acid, when evaporated t^ a due 
degree of density, shoots into regular crystals. This salt is soluble 
in Sj parts of water; and its solution is nut precipitated hy any otlier 
jBetal. Its composition is stated by Berzelius and Wollaston as fol- 
lows: 



I 




I 

I 



IV. Nitric aciti, moderately strong, acts on zinc with great vio' 
lence. 'llie eolutiun, b; evaporattun, crjatallizes, and aftbids a delU 
que stent salt. 

V. Muriatic acid, a little diluted, acts on zinc, and evolves hydixi- 
gen gas or great purity. The solution is clear, but cannot, by evapt^- 
ralion, be brought to crystallize. The dry salt, however, may be 
sublimed, and passes over in a hair solid static, from which circum- 
stance it has been called butter of zinc. When rapidly evaporp.tcd, 
it yleldsm tliick extract, which has somewhat of the viscidity of bird- 

Otdy one compound of zinc and chlorine is known. It may be 
formed by burning the metal in chlorine gas, or by distilling zinc 
filings with corrosive sublimate. It fuses at a heata httle above 212°; 
is volatile at a *^empei-ature below redness; and is identical with the 
compound, obtained by evaporating muriate of zinc. It consists, 4"-^^ 
Cording to Dr. John Davy, as nearly as possible, of equal weightf 
metal and chlorine, or ot 

Zinc 49.5 .... 100 



VI. Acetate of z 
the metal or the white o 



100. 

ay be formed either by dii-ectly dim 
ide in vinegar, or by mmgling the solu^ 
of super-acetate of lead and sulphate of ziuc. An insoluble aulpT 
of lend is formed, and the acetate of zinc remains in solution. 
evaporation it aBTorda a crystallized and permanent salt. 

VII. Zinc is o^cidized by being boiled with pure alkaline solijlions, 
and a portion of the oxide reniains dissolved. A similar compound 
may be obtained, by projecting a mixture of nitre and zinc filings 
into a red-hot crucible. 

VIII. Zinc, in its metallic state, has very little affinity for sulphur. 
A mixture of the white oxide of zinc and flowers of sulpliur combines, 
however, into a yellowish brown mass. Water, impregnated with 
sulphuretted hydrc^n, decomposes, after some time, the solutions of 
zinc, and forms a yellow precipitate, which is probably a hydro-auU 
phuret Mr. E. Davy, however, by passing tlie vapour of sulphur over 
melted zinc, obtained a white crystalline substance, resembling the 
natural compound of zinc and sulphur, called phosphorescent bkrtde. 
The native sulphuret has been analyzed by Dr. Thomson, and found., 
to consist of ' 

• Berzellusi f WoUaslon. 



1; 



Salphui 



100. 



148.84 



314>10 



rua. The pliosphuret of zinc it 
: lustre not unlike lead. It has 
■W, and, at a high degree 



[7£. Zinc combines witli 
of a. whitish colour and i 
soine malleabilitv, exhales a phosphor 
of heat, burns like common zinc. 

3C Zinc is cap&bli! of furnishing alloye with most of the other me- 
tals- Of these the most useful, brass, has already been mentioned in 
the section on copper. It has been lately pi'oposetl to apply zinc to 
the pui-pose of culinary vessels, pipca for conveying water, sheathing . 
for ships, fitc.; but it is rendei-ed unfit for the first, by the facility 
'ritii which the weakest acids act upon it; and for the rest by its con- 
siclei-able, thotigh slow oxidation when npoted to air and moistnre. 



L 



SECOND CLASS. 



JIETAtS THAT ARK BHITTLE A 



SECTION XIII. 

Bismuth. 



Bismuth has a reddish white coltiur, and is composed of broad 
Williant plates adhering to each other. Its specific gravity is 9.838, 
bat is increased by hammering. It breaks, however, under the ham- 
mer, and hence cannot be considered as malleable; nor can it be 
dnwn out into wire. 

r. Bismuth is one of the most fusible raetals, melting at 476° Fah- 
renheit; and it forms, more readily than most other metals, distioct 
tryslals by slow cooling. 

11. When kept melted at a moderate heat, it becomes covered 
with an OKide of a greenish grey or brown colour. In a more violent 
beat it is volatile, and may be sublimed in close vessels; but, with the 
Bcceea of air, it emits a blue flame, and its oxide esbales in the form 
of a yellowish smoke, cond ens ibie by cold bodies. This oxide is very 
l^siblc; and is convertible, by heat, into a yellow tiansparent glass. 
It is the only oxide of bismuth with which we are acf|uaiiited; and 
consists, according to tJte cjpcriments ofLagerhjelm,* of 

• 4 Tliomson's Anoals, 3S7. 



4 



BUmutli . 
Oiiygen . 



IIKI. 



III. Sulphuric acitl acts on bismutli, anil sulpliuroug acid is d.^ 
■aged. A part of the bismuth is dissolved; and the renuundfl 

chai)s;e<l into an insoluble oxide. The sulphate, on the a^iine ai 
is stated to consist of 

Oxide of bismuth . . . 66.353 . . . 100. 
— — .- sulphunc acid . 33.647 . . , 50.7 



Besides the neutral sulphate. Be 

Oxide of bismuth . . . 
eulph uric acid . 



s describes a sub-sulphatQ 



IV. Nitric acid dissolves bismuth with great rapidity. To one' 
part and a half of nitric acid, add, at distant intervals, one of bis- 
muth, broken into small pieces. The solution is crjatallizable. It 
is decomposed when added tu water; and a white substance is pre- 
cipitated, called magistery of bismuth, or pearl-white. ]t consists of 
hydrated oxide of bismuth with a small proportion of nitric acitL i 
Tiiis pigment is liable to be turned black by Bulphmetted hydrogen, 
and by the vapours of putrefying substances in general. 

V. Muriatic acid acts on bismuth. The compound, when deprived 
of water by evaptration, is capable of being sublimed, and atlurds a 
soft salt, which deliquesces Into what has been improperly called 
butter of bismuth. The same < compound is obtained by intrtxluch^ 
finely divided bismuth into chlorine gas, when the metal takes firo. 
and burns with a pale blue liglit. It is the only known combination rf 
bismuth and chlorine, and was found, by Dr. Davy, to contain 6&ii' 
per cent, of the metal, and 33.6 of chlorine. 

VI. Bismuth is* capable of fonning the basis of a sympathetic ink * 
The acid, employed fur this purpose, must be one Uiat does not act oft 
paper, such as the acetic. Characters written with this solution be-- 
come visible, when exposed to sulphuretted hydri^n. 

VII. Bismuth combines with sulphur, and "forms a bluish Krej eut- 
phuret, having a metallic lustre. Laf^erhjelm has analyzed it, uul 
found it to consist of *" 

Bismuth .... 81.619 .... 100. 
Sulphur .... J8.3ai .... 2SJ2 



Till. Bismuth is capable of being alli)je4 widt most of tliemetals, 
and forma with some of them cnmpouiids of remarftablfi fusibility. 
One of these is Sir (saac Newton's /u»Me metal. It consists of eight 
parts of bismulj), five of lead, and lliree of tin. When thrown into 
water, it nielti before it is heated to the boiling point. It is from this 
property of forming fusible alloys, that bismuui enters into the com- 
position of several of the soft sobers, which, indeed, is its principal 
HBe. 

BifimufSihas the singular [iroperty of depriving gold of its ductility; 
even when combined with it in very minute proportion. This effect 
ia produced by merely keeping gold in fusion near biemulh raised ft> 
the same temperature. 



SECTION X!V. 

Jiifimoni/. 



I. Antimony, ss it occurs under tlut name in the shops, ia a natural 
compound of the metal with sulphur in the proportion, as stated by 
I'ronst. of 75 antimony and 25 sulphur. To obtain it ili^ metallic 
state, the native sulphuret is to be mixed with two-tliirds its weight 
of supcrtartrate of potash (in the state of crude tartar], and one-third 
of nitiale of potash deprived of its water of crystallization. The 
mixture luust be projected, by spoonfuls, into a red-hot crucible; and 
0ie detonated mass poured into an Iron mould ^'cased with a little 
fat. Tile antimony, on account of its gpecilic gravity, will be found at 
Ihe bottom adhering to the scorlx, frimi which it may be separated by 
a hammer. Or two parts of the sulphuret nmy be lused in a covered 
erucible wiLli one uf iron filings, anil to these, when in fusion, half a 
part of nitre may be added. I'he sulphur quits the antimony, and 
combines wiUi (lie iron. 

In order to ol)tain antimony in a state of complete purity, the 
metal, resulting from this operation, must be dissolved in nitro- 
muriatic acid, and the solution must be poured into water. A whits 
pOttder will precipitate, which must be dried, mixed whh twice 
its weif^ht of crmle tartar, and fused in a crucible, when the pure 
metal will be produced. 

II. Antimony in its metallic state (sometimes call^l regulas of 
mttimony) is of a silvery white colour, very brittle, and of a plated, 
or scaly texture. 

III. It is fused by a heat of about 810° Fahreniieit ; and crystallizes, 
on coolina, in tlie form of pyramids. In close vessels it may be 
volatilized, and collected unchanged. 

IV. It undergoes liltle change when esnosed to the atmosphere at 
its ordinary temperature; but when fuseii, with the access of air, it 
emits white fumes, consistioi: of an ovide of the nietaL This oxide 
hod formerly the name of argaitim jlowers of antimony- The vapour 

Vol. TI P 
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METALS. GHAP,^^^| 

f>( water, brought; into cimiact with ignited antimoay, is decuntg^^^^ 
with so much rapiility, as lu prnduce a. series of detonation 3. ^^^| 

V. Antimony, it 1ms been supposed by Tbenard, is suMceptiMOTl^* 
several degrees of oxidation; but these, according to Proust, may fee 
all reduced to two. The first oxide may be obtained by pouring the 
niaiiate of antimony into tvator, and washing the precipitate with 
water containing a small <|iiantitr of potash. When dry, it is of ft 
dirty white colour, without any lustre. It melts at a moderate red 
heat, and becomes opaque on cooling. It is composed of 

Antimony 81.3 .... 100. ^^^M 

'>»7gti'i 18.5 .... S3.7 ^^M 

100. ^^ 

The oxiile at the maximum may be procured by collecting^ the 
flowers of antimony already described, or by causing Ute nitric acid to 
acton themetal,or by projecting it into melted and red-hot nitre. This 
oxide is of a white colour, and is much less soluble in water than th» 
pfotoxide. It is, also, less fusible, and may be volatilized at a lower 
temperature, forming white prismatic crystals of a silvery lu^^t'e^jlt ^ 
is composed of Jlfl^H 

Antimony lOO -i^^^H 

Oxygen Si SO .J^^^^^ 

100 ''^^H 

The osides of antimony have been investigated by Be rzel i u Si*hBH 
describes four decrees ol oxidation in tliat uietal. The first, or .sK|»*^ 
oxidt, is obtained by the long exposure of antimony to a humid at- 
mosphere, or by making that metal the positive conductor in a 6itl- 
vanic arrangement, pure water being etnployed to complete the 
circuit. To procure tne subKixides, the antimony must be reduced to 
powder, and placed under water in contact with a platinum vrirtu 
connected with the positlveendof the pile. Oxygen gasis disengaged 
from the point of contact, and the antimony is covered witli a bluisli 
grey flocculent povuder, which is lialiter than the metaJ, and may tM 
separated by washing with water. II is produced so sparingly, titftt 
enoudi couLd not be obtained fur analysis, aud its composition wa^ , 
therefore, deduced by calculation. 

This second oxide (called by Berzelius the o.Tidalf) may be ob- 
tained from muriate of antimony by an alkali. When the precipitate, 
which at first is a hydrate, is dried and heated, (lie oxide assumes a 
dull white colour, verging on grey. In a red heat, it fuses into a yel- 
lowish fluid, wliich, on cooling, becomes an almost white mass, crys- 
talli/.ed goiuetbing like asbestos. 





The tidrd, or wkite oxide. Was fiirmed by digsulving antiinnny in 
nitric acid, and evaporating and igniting tlie product; or by dissolv- 
ing in nitio-rauriafic acid, decomposing by water, washing the pre- 
Upita'e, und calcining it in a platinum cniciblc. Its colour, when pro- 
perl Atrcpared, is perfect or snow wliite. 

Tlie/oMriA, or yellow oxide, was obtained l)y Berzelius in tlie fo!- 
lowio^^nner: Powdered metallic an tiinoti}^ was fused, during an 
hour, in a silver crucible, with six times its wciglitof niti-e; and the 
fused mass was washed, first with cold and then with boiling water. 
The liquid was evaporated to dryness, and digested many hours with 
nitric acid. 'Hie white powder, insoluble in nitric acid, was gently 
heated in a small platinum uucible, and assujiied a fine lemon yellow 
colour. Asimilarproductwasobtoined by mixing powdered antimony 
with pure oxide of mercury. An olive subsUince was produced, which, 
by long exposure to heat, assumed a straw yellow colour. This oxide, 
by a strong heat, loses about G\ per cent, uf oxygen, and is changed 
into the white oxide. 
Tho composition of these four OKides is thus stated byBerzelius: 





Metal. 


Oxygen. 


Mewl. 


Ojjgen. 


1. Sub-oxide . . 


. 96.826 . 


. 3.174 . 


. 100 . 


. 4.65 


aOKidule . . 


. 84.3 ir . 


. 15.683 . 


. 100 . 


. 18.60 


3. White oxide . 


. 78. 19 . 


. SI. 81 . 


. 100 . 


. 24. 8 


4. yellow oxide . 


. 72. 85 . 


. ST. 15 . 


. 100 . 


. 37.20 



It is probable, from tlie law of definite proportions, that the first or 
NltHixide will prove to be a meclianical mixture of metallic antimony 
wtfi the second or oxidule, which, in thot case, will be tlie true prot- 
oxide. If d)is be established, it will aSbrd another example of the 
general principle, that in protoxides, the oxygen is equal to half the 
aulphor of the sulphuret. 

The white and yellow compounds of oxygen and antimony ought, 
iadeed, to be arranged among acids, i-ather than among oxides; for 
each of them combines with salifiable bases, and aifnnls a class of 
alts. The first may be called the antmanious acid, and its com- 
jHmnds atttimonitesi the second the antimohic acid, and the salts 
which it composes aiitimoniates. These names appear to me prefer- 
(blq to those which have been derived, by Berzelms, from the Latin 
UliellatioD stibium, viz. stibious, and stibic aeids. For a detail of 
ffle properties of these saline combinations, 1 refer to the memoir al- 
reaciy quoied, and to tlie 5(ii volume of Ann. de Chlm. et Phy^. 

VI. Antimony combines with sulphur, and forms an artificial sul- 
phuret, exactly resenibling die native compound, which last may be 
employed, on account of its cheapness, for exhibiting the properties 
of sulphuret of antimony. Tlie propoilions of its ingredients, as 
statinl by Berzelius, difier from those assigned by Proust, viz. 

Antimony . . 72.86 . . 100. ... 270 
Sulphur . . . 27.14 . . .57.25 . . 100 



I 



F 

^^f anlimor 




1. Wlicn naliwc eulplxtrel of antimony (fi'w^uentJy called 
anlimony) U slowly voHstcil in a shallow vessel, it ^rnduaJIy li 
sulphur, the metal attfactg oxygen, and is mostly couverted into'il 
grey oxide. This, being melleil in a strong heat, acquires n reddisb 
colour, and runs into a glassy substauce, transparent at its e(lg;eg$aad 
ierniiid glass of anfirnoni/. It consists of eight parts of pratoside and 
one of Hulphuret, witli ten per cent, of sikx. The same quantity of 
oude and two of sulplmref eive an wpaque compound, of a red colour 
inclining to yellow; and cafled croous metal torum. With eisrhl parts 
of oxide and ftiur of sulphur, we obtain an opaque mass of a dark red 
colour, called liver <if anlimoni/. In »\[ these compounds, tlie OKiile 
is at its minimum of oxidation; for the peroxide is incapable of dis- 
solving the sulphurtt, 

2. When fused with potasli, a triple compound is formed, com- 
posed of alkali, sulphur, and aiilimuny. Or the combination may be 
effected, in the humid way, by boiling the powdered native sulpliuret 
with pure potash. The solution, on cooling, deposits an liydro^uU 
phuretted oxide, in which the oxide prevails, called kermes mitural. 
rhe addition of a dilute add to the cold solution, precipitates a corH" 
pound, having the same ingredients, but a larger propottion of sul- 
phur, and called ^afi/«R «u2;)/m)' of antimony. 

3. When the sulphuret of antimony is detonated with twice Hm 
weight, or upwards, of powdered nitre, the sulphur is oxygenated by 
the oxygen of the nitric acid; sulphate of potash is formed, and an 
oxide ofantimony is obtained, varying in its degree of oxidation, with - 
the proportion of nitre which has been employed. The oxide remaiiiB, 
after waaHing away the sulphate wldi boiling water. If four times its 
Weight of nitre be employed, the metal gains 32 per ce^. of oxygen, 
and acquires somewhat of the character of an acid; since it iorms. 
with potash, a cry stall izable compound. 

VII. Antimony is dissolved by most of the acids. Sulphuric acid 
is decomposed by it; sulphurous acid being dissengagcd, and an oxide 
formed, of which a small proportion only is dissolved by the remain- 
ing acid, constituting a sub-sulphate. Xitric acid dissolves this me- 
tal with great vehemence; but muriatic acid acts on it v6ry feebly, 
even by long digestion. The most convenient solvent is the nitra- 
muriatic acid, v^ich, with the aid of heat, dissolves it either in its 
regulioe state, or as esisting in the native sulphuret. With oxy-mii* 
riattc acid, it forms a coinpound of a thick consistence, formerly c^^ 
ed hviter of antimony. This may be obtained, by exposing black sul- 
phurjCt ofantimony to the fumes of oxy-muriatic acid, and by subse> 
quent distillation; or by distilling the powdered metal with twice Us 
weight of con-Osive muriate of mercury; or by the acfiim of nitro-mu- 
riatic acid on metallic antimony.* It may be formed, also, by the 
combustion of antimony in chlorine gas, with which, according to Dr> 
John Davy, it unites in tlie following proportion; 

Antimony . . 66 . , ino . . ]50 
Chlorine . . . 44 . . 67 . . 100 

100 

Bobiguct ill Ann. de CUm. «x. VYi^a. Vj . \&3. 





On pouring tliis rfiinpouiii], wliich may be tcnneil chtoride- of anti- 
montf. into water, a white hyiliatc, cotiUining some muriatic acid, 
falls dowa, called powder of atgaroth. Tins funiislies a delicate 
lest of tlie presence of antimony in solutions effected by muriatic 
acid, and containing that metal in very small proportion, along with 
tia or others. 

VIII. Antimony enters into combination witli most of the metals. 
It ilestroys the ductility of gold, even when it composes only l-2000th 
of the whole mas'*, or when its fumes alone come into contact widi 
melted ftold. The moat important of its alloys is that which it fonns 
with lead. In tiie proportion of one part to sixteen of lead, it com- 
(iMes the metal for printers' types, it may be alloyed with tin, but 
if its proportion iu the alloy exceeds one-fourth, the tin loses its duc- 
tility. Tin, also, by combination with more than one-twentieth of 
its wei^t of antimony, acquires the insolubility of the latter metal 
ibinariatic acid.* In analyzing compounds of tin and antimonTi it 
is necessary firet to make an alloy, in which the antimony shall not 
exceed the above proportion of l-SQth part, for then concentrated 
uuHatic acid, by digestion wiUi tiiis alloy, dissolves iJie tin, and leavea ' 
the antimony. 



^ SECTION XV. 

^^^^P Tellurium. 

^^^^pKttVBivx was discovered, by Klaproth.t in an ore of gold. 
^Pl^^rocess, for extracting it, consists in the solution of the ore by 
' 'ifem-muriatic acid, dilution with water, and the addition of pare pot- 
«h, which throws down all the metaU that are present; and, wlien 
idiled in excess, re-dissolves a white precipitate, which it at Grst oc- 
casons. To the alkaline solution, muriatic acid is then added; a 
precipifjite again appears; and this, when dried, and heated with 
one-twelfth its weimt of charcoal, or with a smalt quantity of oil, in 
■ ^s retort, yields tellurium, in the form of small biilllant metallic 
imps, lining the upper part of the body of the retort — One hundred 
parts of the ore yield above 90 of tellurium. 

II. 1. The colour of this metal is tin-white, verging to lead-grey; 
it has considerable lustre, and a foliated or scaly fracture. It is very 
iHittle; is fusible at a temperature below ignition; and, excepting os- 
mium, quicksilver, and selenium, is the most volatile of all metals. 
It is the lightest of the mel.ils, the bases of tiie alkalies and earths 
eu«pted, having the specific gravity of only 6.185. 

3. It is oxidized when heated in contact with air; and burns with 
I sky-blue flame, edged witli green. Upon charcoal, before the blow- 
(ijte, it in Barnes with a violence resembling detonation; exliibits a 
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vivid flame; and entirely flies off in a grey smoke, having a peculiarly 
nauseous smell. This smoke, when condensed, and examined in 
quantity, is found to be white with a tint of yellow. It is fusible 
by a strong heat, and volatile at a still liigher temperature. It not 
only unites as a base with acids, but also itself possesses the charac- 
ter of an acid, and forms a class of salts, which may be called teUu- 
rates. It b composed, according to Klaproth, of 

Tellurium . . 83 . . 100. 
Oxygen . . . 17 . . 20.5 

100 

Berzelius^ however, determines the quantity of oxj^en, absoHM 
by 100 of tellurium, when changed into oxide, to be 27.8S. 

S. Tellurium is soluble in nitric and nitro-muriatic acids. The 
saturated solution is decomposed by the mere addition of watefi 
which throws down a white powder; but this is again dissolved OB 
adding more water. Chlorine unites with tellurium, and forms a white 
semi-transparent compound, which is decomposed when added to 
water. It consists, according to Sir H. Davy, of 100 tellurium united 
with 90.5 chlorine. From its solutions it is precipitated in a metallie 
form, by iron, zinc, tin, and even by muriate of tin. Carbonated and 
pure alkalies precipitate the telluric oxide united with water, in flie 
form of a white hydrate; and the oxide is re-dissolved by an excea 
of alkali or carbonate. Alkaline sulphurets tlirowdown a dark brown 
or blackish precipitate. Tincture of galls produces a flocculent yel- 
low precipitate. The solutions of this metal in acids are not decom- 
posed by prussiate of potash; a property which tellurium possesses in 
common with gold, platinum, iridium, osmium, rhodium, and antimony. 

Tellurium forms two distinct compounds with hydrogen, the one 
of which is solid and the other gaseous — 1st. By making tellurium 
the negative surface in water, in the Galvanic circuit, a brown powder 
is formed, which is a solid hydrurei of tellurium, 

2d^,-. "By acting with dilute sulphuric acid, upon the alloy of tel- 
lurium and potassium (which may be obtained by heating a mixture 
of solid hydrat of potash, tellurium, and charcoal,) we obtain a peci- 
liar sTiis. This gas has a smell resembling that of sulphuretted hydrogen. 
It :s a'jsorbed by water, and a claret-coloured solution results, which 
by exposure to the air, becomes brown, and deposits tellurium. After 
bein^ washed with a small quantity of water, it does not affect vege- 
table blue colours. It burns with a bluish flame, depositing oxide of 
tellurium. It unites with alkalies; precipitates most meUl lie solu- 
tions ; and is instantly decomposed by chlorine gas. It may be call- 
^ telluretted hydrogen gas. According to Bei^elius, it is constituted 
of 100 parts of tellurium witli a little less than two parts of hydrogen. 





SECTION XVI. 

Selenium. 

tlie chambers fur man u fact urine sulphuric acid, from the sulphur 
which is procured at Fahliin in Sweden, a reildish mass is deposilei], 
which is |3rincipally sulphur. This substance, in bursiing, aave out an 
odour, which iaduced Berzelius to suspect tliat it coutikined telhiriuin, 
but un a minute exutnination he discovered, instead of that metal, one 
with entirely new properties, to which he has given the name of 
telfniiim. The process, by which it was cstructed, is not described, 
aud iiQ that account, as well as of the scarcity of the substance whivh 
iJIbnIs it, 1 sliall give only a very general view of its properties. 

Seleiuum hasagi-ey coluur, and a very brilliant metallic lustre.and 
pORScsses ii small but scarcely perceptible degree of ti'anspan^ncy. It 
tuftens at Zli" Falit, and completely fuses at a few degrees higher. 
While cooling, it has a considerable degree of ductility, anri may be 
kneaded between the tinkers, and drawn out into fine threads, whlcli 
have a strong metallic lustre. When slowly cooled, it assumes a 
granulated fracture, and is exti-erocly like a piece of cobalt. At a 
temperature nearly equal to tliat of boiling mercury, selenium enters 
into d)ullitioD ; and cundeHses, either into opaijue uietallic drops, or, 
bIwu a retort with a lai^e neck is used, into Howera of a fine cinnabar 
tolour. 
Wlien heated before the blow-pipe, it tinges the flame of a fine 
1 iinre blue, and exhale* so strong a. smell of iiorse-radiah, that a frus- 
Dient, not exceeding l-50th of a grain, is ^uQlcient to till the air ofa 
kree apurtment. 

Selenium unites with the diifiirent metals, and the union is, in many 
tbta, accompanied with ignition. The sclcnuret of potassium has a 
■Utstlic lustre, and a greyish white coluur. Its solution in water has 
tbe colour of strong ale, and a smell resembling that of sulphuret of 
pttasli. Acids disen^ge, from this solution, a gas, which appeai-s lu 
N a solution of selenium in hydrogen gas. A small bubble of this 
lUiliot exceeding a pea in sixe.when drawn into the nostrils, excited 
nllammation of their membrane, and symptoms of catarrh, which did 
DDt subside for several tlays. 
Selenium unites with the fixed alkalies, both in the moist way and 

S&sion; and the compounds have a cinnabar-ied colour. It dis- 
vesin fi^ed oils, and the solutions ai'e red, but have not the hepatic 
Wetl of solutions of sulphur. 

Selenium dissolves in nittic acid with the assistance of lieat ; and 
the resulting compound, after evaporation to dryness, may be easily 
■nblimcd into ci-yetalline needles, which are often a foot in length. 
Utis sublimate is soluble in water and in alcohol, and has the tasle 

I all the properties of an acid. It may, therefore, be called ssleiiie. 
,and its compounds seleniates. The alkaline seleniates are not 
Hy crystalliiftblej and they attract moisluie froio the atmosphere. 




r 



120 MKTAI-S. 

If a little muiiatic aCid be adiJed tu tlie solutiuii of a seleniate in 
water, and a plate of zinc be then iutroduced, the selenium is pre- 
cipitated iit a metallic state. Solenic acid is decomposed by sulplm- 
retted hydrogen, and an orange-coloured precipitate is obtaioetl. 
which becomes red when dried. When a slip of paper, moistened 
with solution of selenic acid, is eicposed to a carrent of sulphurous 
acid ^, the selenium is revived in the form of a Rim resembling 
gold. 

It has been doubted whellier selenium can, with propriety, be cUm- 
cd among the metals. But thoueh it scarcely conducts caloric, aiid » 
a non-conductor of electricity, Berzclius i^ still of opinion, frota a 
review of its other pmpcitiea, that it is fully entitled to be considered 
as a metal; and tlmt its proper place is among the aciiliGable metalfti 
near to arsenic* 



SECTION XVII. 

I. Arsf,\ic, as it is to be found in llie sli'ips, nccorti in the state of 
a white oxide, from which the metal may be otitained by the fallowioc 
process. Mis, two parts of the white oxide with one part of blacK 
flux (prepared by detonating, in a crucible, one part of nitie with two 
of crystals of tartar;) and put the mixture into a cmcihle- Ijiyert 
over this another crucible; lute ttie two toother, by a mixture of 
clay and sand; and apply a red-heat to the Tower one; keepina the: 
upper one as cool as possible. Tlie arsenic will be reduced; ana y4H 
be found lining tJie inside of the upper crucible in a state of met^&C 
brilliancy, not unlike polished steel. Its specific gravity is 8,3t. It is 
so extremely brittle, that it may be reducctl to powder in a mortar. 

n. Metallic arsenic is readily fusible, and is volatilized at SUt". 
In close vessels it maybe collected unchanged; but when thravm^Sta 
a red-hot iron, it burns with a blue flame and a white smoke; aos a 
strong smell of gailic is perceived. 

IIL All the mineral acids act on arsenic ; but not canstderablr> 
unless they are heated. In osy-niuriatic acid gas, however, araetiK 
burns vehemently- 

IV, A mixture of oxy-muriate of potash aiid arsenic furnislieai 
detonating compound, wliich lakes fire with amazing rabidity. TOw 
salt and metal, 6rst separately powdered, may be mixed by &it 
gentlest possible triture, or rather by stirring tliem together on paper 
with a knife point. If two long trains be laid on a table, tlie one 
of gunpowder and the other of this mixture, and they lie placed ui 
contact with each otlier at one end, m that they may be fired at onCe, 
the arsenical mixture burns with the rapidity of lightning, white (he \ 
ethei' burns with compamtively extreme slowness. ' 



i. 291, 374, 447, il 
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V. Arsenic combines with moat of the mclals. It haa the property 
of giving a white stain to copper. I^t a Email hit of metallic arsenic, 
or a mixture of the white osidc with a Utile black fiux, be put be- 
tween two small plates of copper; bind these cloiielj' tocrether witli 
iron wire; and heut them, barely to vetlness, in the fire. The inside 
of the copperplates will be stained white. 

VL Arsenic by exposure to the air, is tainished, and becomes con- 
verted into a bulky blackish powder. In t!ii*e months, Berzielius 
found Oiat 100 parts acnuireu an increase ur8.475; and he is dis- 
posed to consider tlie product as auoxidule; but it is probably tiolliing 
more than a mixture of arsenic and arsenious acid, into both ithich, 
iodeed, it is resolved by heal. On ly two combinations of arsenic and 
uxyeen have hitherto been clearly ascertained ; and botli are possess- 
tA lit acid properties. 
The white oxide of arsenic has the following properties: 
1. It has an acrid taste, and is higiily poisonous. 
S. It is soluble ill water, which, at the oMinary temperature, takes 
up one-eightieth. According to La Grange, if is soluble in one-twen- 
IjJburti) of cold water, or one-fifteen tJi of hot. Other statements 
kvebeen given considerably differing from these; and K lap roth was, 
Iherefore, induced to examine its degree of solubility with great at- 
lentian. A thousand grains of cold water, left in contact with the 
"iiite oxide during 24 hours, and frequently agitated, dissolved only 
SJ grains. But lOUO grains of boiling water took up 77} grains; and, 
iftir being left tliree days to cool, and to deposit die crystals which 
fepara ted, stilt retained in solution 30 grains. Uucholz has since pub- 
liaiied resulfa, which agree, very nearly, with those of tClaproth. But 
(he most elaborate experiments are those of Fischer of Breglau. Ac- 
cording to these, white oxide of arsenic is insoluble in water, and 
nben acted upon by water, one portion of the oxide acquires o>xygcn 
Gvni another, and becoming acidified, is rendered soluble. This is 
die reason why tlic undissolved portion loses its colour, and becomes 
rf adii'ty yellow. 01 boiling water, 13.3 parts dissolve one of arsenic; 
hit at Kie common temperature of the atmosphere, 66j parts of 
water take up only one part.* 

The solution of tlic white oxide of arsenic has an acrid taste, and 
radttens vegetable blue colours. When slowly evaporated, the oside 
O^tallizes in regular tetrahedrons. The oxide is, also, soluble in 70 
,or 80 times its wei^it of alcohol, and in oils. At 383° Falirenheit it 
nbUmes; or, if suddenly heated out of tlie contact of air, runs into 

3. The composition of die white oxide of arsenic, or arsenoua acia, 
W been investigated by several chemists, with the following results, 
consists, 

' Thomson's Annole,¥ii. .53, 
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Thenard, of . 

Berielius, of ... . 74.48 . 
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It lias been justly observed, however, by Dr. Thom9Dn,t' t! 




least 6o; not only on account of its want of accordance with 
determinations, but on account of tlie complicated process, by 
it was obtained, On the wliole, it appears probable, that 100 ] 
arsenic, to become the white oxide, combine with between 34 
parts of oxygen. 

4. Oxide of arsenic combines with the pure alkalies to satui 
and hence it fulfils one of the principal functions of an acid, 
therefore been called arsfnous acid, and its compounds i 
They may be farmed by simply boiling the arsenous acid 
respective bases and a sufficient quantity of water; or by doubl 
coni[)osition. Tlius arsenite of lead may be pre pared ..liy mixing 
solutions of nitrate of lead and arsenite of potash ; and the Sine kthd 
pigment called Seheele's ^reen, by mixing tlie solutions of arsenite <X 
potash and sulphate of coppei'. 

5. Tlie arsenous acid, or rather the arsenic which it contains, bf 
distillation with sulphur, affords eitiier a yellow substance, called ar^ 
pimtnt, or n red one, termed realgar. The oxygen, uniting wilh 
Bulphur, escapes in the form of sulphurous acid. Both these cms- 
pounds are sulphureta of arsenic, varying in the proportion of their 
components. Orpiment contains three parts of sulphur and foarvT 
arsenic; and realgar one part of sulphur and three of arsenic. Hence 
realgar, by fusion with an additional quantity of sulphur, may h 
changed into orpiment; and the latter, by an addition of arsenic bfr' 
comes realgar. The oplninn of Laugier, that botli are siilphuretE >t 
the same degree, combined with dil^rent proportions of white anfr 
nic, is cnmrated by Berzelius, who could not extract any arseniaii* ' 
acid from orpiment.^ 

6. By repeated distillation with nitric acid, arsenous acid is chai^ 
into arsetiie acid. The same change is effected, also, by exposure l«-lte 
vapourofosymunatic acid, and the subsequent expulsion, by hu^rf 
the common muriutic acid. By both tiiese processes, a white coDCf(4l' 
substance is obtained, termed arsenic acid. The process recommetlM 
bj Bacholz is to mix two parts by weight of muriatic aci<l of the ^ 
cific gravity 1.200, twenty-four parts of nitric acid of the specific pfc 
vity 1.25, and eight parts of white oxide of arsenic. The whole nij 
be evaporated to dryness, and gently ignited in a crucible. 

VII. 1. Tiie arsenic acid has a soar, and at the same time, a m- 
tallic taste. It reddens vegetable blues; attracts humidity from the 
atmosphere; and effervesces strongly with solutions of alkaline caite- 

t Annals, iv. 171. 



nates. When evaporated, It assumes the consistence of jellr, and 
does not crystallize. It is a most active poison. With Bltcalics, 
earths, and oxides, the arsenic acid cottstitutes a class of salts called 
menates. The arsenate of potash may be obtained in a more simple 
manner, by detonating, in a ci-ucible, a mixture of nitrate of potash 
with arsenous acid. 

The statements of the composition of arsenic acid ditfer from each 
Other not less than tJiose of the white oside. It is composed. 



According to Proust, of . . 
' Thenard, of . 

Berielius, of . 

- Do. corrected . 

Thomson, of . 



65.4 
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Oxygen. 
. 52.905 
. 56.250 
. 51^28* 

. 71.333 
. 52A 



In tliis case, also, Dr. Thomson prefers, and it appears to me with 
«ason, the first determination of Berzelius, as more nearly approach- 
ing Ihe truth than the second. Dr. Thomson's result was obtained 
f>y the direct acidi^catiou of metallic arsenic by nitric acid; and, 
tnoogh not coincident with the analysis by Thenard, yet it agrees 
nith the number, obtained by assuming the proportions, given by that 
chemist, for the white oxide, and witli his assertion that 100 parts of 
arsenous acid are chan^d into arsenic acid, by 16 parts of oxygen. 

2. When tin is dissolved in arsenic acid, an inflammable gas is dis- 
engaged, as was observed by Scheele, consisting of hydrogen gas, hold- 
ing arsenic in solution. Itmaybeobtained,also, by adding powdered 
metallic arsenic to a mixture of diluted sulphuric acid and zinc filings. 
TTie greatest caution should be used to avoid its deletenous effects, 
nhich were fatal to the late M. Gehlen.t 

TTiia gas (to whicit, perhaps the name of arsemtretted hydrogen is 
best adapted) has the following properties: 

(oj It is a permanently elastic and invisible fluid, of the specific 
^vity, cnmpai-ed with common air, of 0.5293; but its specific gra- 
Thy is variable, in conseijuence of the admixture of different propor- 
tions of hydrogen eas. , 

elt has a fetid smell, resembling that of garlic. 
It extinguishes burning bodies, 
, \ It is not absorbed by water in any notable degree; and has no 
effect on the blue colours of vegetables. 

~ U) It burns wkh a lambent white flame, and a disagreeable odour; 
Kemits, during combustion, fumes of araenous acid. 
V) Wben mingled with osymuriatic acid gas, heat is produced, a 
nnatiDU ensues, and metallic arsenic is deposited. Soap bubbler, 
fa with a mixture of this and oxygen ^ses, bum with a blue 
K) a white smoke, and a strong alliaceous smell- 
■) A stream of arsenuretted hydrogen gas, issuingfrom a bladder 
d with a stop-cock, and set on fire in a large receiver filled with 
— I, burns with a blue flame of uncommon splendour. 
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(k) One cubic inch ofUie gaa contains about one-fonrth of a grain 
of inetaHic araenic. 

(i) When 100 measures, in aa esperimcnt of Gay Lussac, treru 
ucted apm\ by heated tin, 140 measures of hydrogen were evolred. 
Hence three voluinea nf liyilrogen aie, in this gas, cundenseil into al- 
most the space of two. 

A solid coinpotind of hydrogen and arsenic n\ay be formed, by act- 
ing on water with au alloy of potassium and arsenic; and, of course, 
much lean hydrogen gas is evolved, than the same weight of uncom- 
bined potassium would liberate from water. It is described, by Gay 
Lusanc, as separating in chesnut brown coloured flocks. There ap* 
dears, indeed, to tie a strong nffinitv between hydrogen and arsenici 
rorBentelius found that the recently prepared metal, when distilled 
along with oxide of tin, gave a drop or two of water. 



THIRD CLASS. 



SECTION XV III. 




Cobalt. 

1. C011A1.T may either be obtained from a substance, which may be 
purcliBsed under the name of Zallre, by fusing; the xaHre with three 
limes its weight of black flux; or it may be purchased, at a moderate 
price, in a metallic form. It has lately been found by Stroraeyer ia 
a meteoric stone from tli« Cape of Good Hope.* 

To obtain cobalt in a perfectly pure state, Tromsdorff recommends, 
that the zaiTre should be, three times successively, detonated with 
one-fourth its weight of dry nitre, and one-eigiith of powdered char- 
coal. After the last of these operations, tite mass is to be mixed nidt 
an equal weight of black flux, and the cobalt reduced. The metal is 
then to be pulverized, and detonated witli thrice its weight of dried 
nitre. This ovidizes the iron to its maximum ; and acidifies the ar- 
nenic; which last unites witli the potash. Wash oft' the arsenate of 
potash, and digest the residue in nitric acid. This will take up the 
oxide of cobalt, and leave the oside of iron. Evaporate to dryness; 
re-dissolve in nitric acid; filter the solution; and decompose it by a 
solution of potash. The oxide of cobalt, now obtained, may be re- 
duced by the black flus, as before directed. 

* Thomson's Annals, Li. 219. 



n. CobaU has a gireyiaii white colour, inclining somewhat to pink. 
lt» Bpeciltc grHvitj is 7.7; it is brittle iind easily reduced to powder; 
ii not fusible with a less heat than 1 30° of Wedgwood ; and, when 
tWly cooteil, may be obtained crysi&llized in trregutar prisms. It ia 
^oerally described to be magnetic; but this property Mr. Cheiievix 
inmHtes to Its contamination with a smalt quantity of iron. 

By exposui-e to the atmosphere cobalt is tarnished, but not oxi- 
Ated to any extent. In an intense beat it burns with a i-ed tiamc; 
but, if pure, it is not easily oxidized by a moderate temperature. Its 
Oxide, formed by long exposure to a strong heal, with access of air, is 
of a deep blue, approaching to black. This, from the experiments of 
IVnard, appears to be the protfKcide, It may be obtained, also, by 
prect pita tin ^ the nitrate of cobalt with potash. The precipitate, which 
It first is a brisht blue hydrate, when dry becomes of so dark a bluA 
u to appear black. It ilissolves readily in muriatic acid, pviaa; a so- 
lution wbich is green when coDcentrated, and red when diluteij. Its 
lalutiaiis in sulphuric and nitric acids are always I'ed. 

When this o»de is exposed to the atmosphere, it gradually absorbs 
aa additional quantity of oxygen; and becomes olive green. Treated 
with muriatic acid, it gives oxymuriatic acid gas, and a red solutiou 
TS obtained. This olive compound Sir H. Davy suspects to be a mix- 
tare of hydrate and oxide of cohalt, and not a peculiar oxide. 

"When either of the two preceding oxides is heated in the Bpen air, 
it passes to a flea-brown colour, which gradually becomes black. This 
'~ '' ' ' ■■■•-■■ ■ The peroxide dissolves in 



i 



letal oxidated to its 
niariatic acid, with a copious disengagement of oxymuriatic acid gas. 
it is insoluble, however, m sulphuric and nitric acios, till it has parted 



with oxygen enough, to reduce it to tlie minimum state. It is inca- 
pable, also, of being dissolved in pure alkalies, or of tinging vitriliabte 
inittureB blue. 

According to the experiments of Proust, 100 parts of the ;»)■ 
consist of 



Cobalt . . . 
Oxygen . . . 


83i 
16J 




lOQ 


A 100 of the peroxide of 




CobaU .... 
Oxygen .... 


. 75 
23 



4 



He black or peroxide, heated for half an hour at the bottom of » 
Sble, loses a part of its oxygen, and is reduced to the Btat» of 
nide. 

* PliilosuphicRl Magazine, izx. 340. 
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The oxides of cobalt require, liowcver, fartJicr inveattg&UoD.' 
proth st&tes that 100 parts of cobalt absurti 18 of oxygen, to bi 
verted into protoxide. But the oxygen of the peroxide doei 
either on this or on Prousfs data, bear the proportion to the "' 
in the protoxide, wliich miaht be expected from tlie law of .. 
proportions. If the oxide, described by Klaproth, Ik really th&t* 
IS composed of one atom of metal and one of ox^jen, the atORtt 
bait will weigh 41.5; but if it be, as Sir H. Davy supposes. .ft| 
oxide, or compdund of one atom of metal with two of oxyf* 
atom of cobalt must wei^ B3. On the first supposition, (he p 
should be constituted of IDO metal and 56oxy£;en; and, on the 
of 100 metal and 35.8 oxygen; and as tlie former of tliese numben 
corresponds moat nearly with experiment, we may consider the prot* 
oxide as the lirat combination of cobalt and oxygen, and die atom of 
cobaU to be represented by 41.5. 

III. The best solvents of cobalt are the nitric and nitro-mumlx 
acids; and the sol utioni have the sin^lar property of fumungsympiM 
tlietic inks. One part of cobalt, or, still better, of zaSre, may be di- 
gested, in a sand^ieat, for some hoars, with four parts of nitnc aoA 
To the solution, add one part of muiiatc of soda; and dilute with fMa 
parts of water. Characters written with this solution are UtcgftiP 
when cold; but when a gentle heut is applied, they assunie a b^ti^ 
(til blue or green colour.^ Tliis experiment is rendered more aniusio^ 
by drawing the trunk and branches of a tree in the ordinary raaiUHlb 
and tractos the leaves with a solution of cobalt. The tree appcan 
leafless, till the paper is heated, when it suddenly becomes cmerU 
with beautiful I'oliave. 

IV. Oxide of colult is precipitated by carbonated alkalies frmn fi|C 
nitric solution, at first of a peach>f]owei' colour, and afterwards tf t 
lilac hue. The crystals of nitrate of cobalt, thrown into a fltstM 
of liquid potash, ure immediately decomposed. A blue precipitstsk 
llrmed, which, if the fiask be immediately closed, passes to violet, w 
afterwards to red, by becoming the hydrate or hi/dro-oxide of cMlIt 
This compound is soluble in cold carbonate of potash and tinget ii 
red. The oxide is not soluble in this liquid. Tbe hydrate loses tpi 
20 to 21 per ceiU. of water by heat, and is reduced lo protoxide. 

V. Oxalic acid throws down, from solutions of cobalt, a rose-colOH^ j 
ed precipitate. 

VI. Cobalt may be brought to combine with sulphur and with pbn- 
^lorus; but the compounds have no peculiarly ioterestiog proptrtu^ 
The sulphuret is composed, according to Proust, of 



ror same ingenious apeculationa on the cause ul these pucnomeni, COk? 
Mr, Hatcheti's paper on the Carinthian mqljbdate of lead. Cl'^'iloaoiiliiw 
Tnuuutions, 1796.) 





MAKGAKUE. 

mis coofirnriB tlie view, already given, of tiie atomic constitutioo 

rte protoxide ; for tlie oxygeu, which it contains, is not far from 
I eciual tA half the sulphur iu the sulphuret. 

Vil, It may be alloyed with most of tlie melals.wiih the exceplioa 
oTbiBtniith und xinc. 

Cobalt, when oxidized, is the basis of xaffrf. This is genei-ally pre- 
pared by roaatine from the ore. its volatile ingredients ; and mixing, 
with the I'OmaJnder, three parts of sand, or calcined flints. Zafire, 
wlitn fiiaed, furms a blue ^lass; which, when ground and wn<tlied, is 
(}ie substance termed smalts, used as a colouring sulistance for lioen. 
utiJ For imparlino; a blui; colour to glass. 



N 



SECTION XIX. 

•Manganese. 



L Manganese never occurs in a metallic state; the black aub- 
ttance, known by that name, being a compound of manganese, with a 
lu^ proportion of oxygen. The metal is obtained, by mixing this 
ame, finely powdered, with pitch, making it into a ball, and putting 
diis into a crucible, with powdered charcoal, one-tenth of an incE 
thick iin the sides, and one-fourth of an inch deep at the bottom. Ilic 
empty space is then to be filled with powdered charcoal, a cover is to 
be luted on, and tlie crucible exposed, for one hour, to tJie strongest 
; lieit fliat can be raised. 

n. This metal is of a dusky white colour, and bright and shining 
' in its fractnre. Its specific gravity was found by Dr. John to be 
BJMS. Itiis very brittle, and even less fusible than iron, reijuiring a 
lieit of lCO° Wedgwood to melt it It is not attracted by the mag- 
att; except when contaminated with a smaU quantity of iron. When 
eiposed to the air it soon crumbles into a blackish brown powder, in 
cxmsequence of its oxidation, and becomes in guccession grey, violet, 
brown, ami finally black. 

There is a remarkable want of agreement in different etatementa 
«f the composition of oxides of manganese, and even of the number 
of those oxides. Sir H. Davy admits only two, one of a dark olive 
calonr, consisting of 21 oxygen to 79 metal ; the other of a dark brown 
colour.coiitainin" almost 10 percent, more of oxygen.* Dr.John, ina 
memoir published in the 2d and 3d volumes of Dr. Thomson's Annals, 
enumerates three oxides of manganese, the green, the brown, and the 
black. The green is formed by the action of metallic manganese on 
fater, from which it takes oxygen, and disengages liydrogen ^, ap- 
parently holding some of the metal in solution. He finds it to be 




imposed of 



• Elements of Cliem. Phil. 369. 
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Manganese. . 87 • • 100. 
Oxygen . . . 13 . . 14.942 

100 I 

s 
The hrotvn oxide was formed by exposins^ the last mentioned one t:; 
to the air, till it ceased to gain weight, and then dryine it qaickiy. 
Its colour was pure deep brown, and it was composed of 

Manganese . • 80 • • 100 
Oxygen .... 20 . . 25 



100 

The third or black oxide was prepared by dissolving manganese m 
nitric acid, evaporating, and drying by a heat sufficient to expel the 
nitric acid, but not to decompose the oxide. It consisted of 

Manganese • 71.33 . . 100. 
Oxygen . . 28.67 . . 40.19 

100. 

The brown oxide still continued to absorb oxygen, when exposed 
to the atmosphere; but the black, when isnited, gave oxygen gas. 

Berzelius* admits tlie composition of uie green oxide, as stated by 
Dr. John, with a slight alteration; but corrects the numbers indicating 
that of the second and third, and adds, also, two other oxides, the 
one with less oxygen, and the otiier with more than any of those which 
have been already cited. The first is obtained by exposing metallic 
manganese in a vessel loosely corked; but there can be little doubt 
from its properties, that it is a mixture of the metal and the green oxide. 
The second, described by Dr. John, results from the action of water 
on metallic manganese; the third from the action of acids; and the 
fourtli from calcining the nitrate. The fifth and last is the native 
oxide of manganese, which is become important from its use in pre- 
])aring chlorine. By exposure to a strong heat, 100 parts of this 
oxide lose 11.3 of oxygen, and a red oxide remains. 

Berxeliu^s Table of iJie Composition of Oxides of Matiganese. 

Metal. Oxyjjen. Metal. Oxygen. 

Ist oxide 93.435 . . . 6.565 . . . 100 . . . 7.0sltJ6 

2d oxide (green) .... 87.68 . . . 12.32 . . . 100 . . . 14i)533 
3d oxide (brown) .... 78.10 . . . 21,90 . . . 100 . . . 28.10rr 

4tli oxide 70.50 . . . 29.50 . . 100 . . . 42.16 

5th oxide 64.00 . . . 36.00 . . . 100 . . . 56.215 

» 87 Ann. de Cliim. 149. 







the numbers !n the last column, it may be otoerrei], stand to each 
sr in tile proportion of 1, 2, 4, 6, 8, But if the first compound (as 

Spears to me probable) be not a distinct oxide, the ratio will then W 
)t of I, 3, 3, 4. Gay Lussac, indeed, has expressed his coDviction,* 
tint the two first oxides do notesist; and that there are in reality only 
three; 1st, the pnAoxidf., obtained by dissolving manganese in ddaied 
lulphnric acid, and precipitating it by a pure alkali out of the contact 
of &ir; ad, the dtutoxidf, whicli remains after calcining the perojcUe 
or the greater part of the salts of mavgafifse ; and 3d, the ptroxide, 
or native black oxide. And Berzelius himself ii now disposed to 
([ife up the two first,! and on tlie authority of his own experiments, 
ID aduiit three oxides of manganese, with quantities of oxygen corres- 
aponding to the three last in the above table; the protoxide being 
^en, and the two otiiers black. The red compound of 100 parts of 
manganese with 37.47 oxygen, not agreeing with the law of definite 
propoi-tions, he considers as a mixture oftlie two firstj 

*rhe oxides of manganese may be combined with most of the acids. 
When the green or protoxide is precipitated from its solution in an 
icitl by a carbonated alkali, we obtain a snow-white compound, which 
is a carbonate of manganese, Itiseomposed.accordingtoDr, John, of 



Protoxide of manganese . 

Water 

Carbonic acid . . . . 



55.84 



lOO. 



ncentrated sulphuric acid has very little action on metallic man- 
k; but the dilute acid dissolves it with an extrication of hydro- 
,»», which has a peculiar smell, resembling asafcetida, probably 
t its huhling some of the metal in solution. The solution has a 
■*' -ose colour, and gives crystals of the same cok-jr. 

i pure protoxide, and the carbonate, dissolve in the sulphuric 

itid in any state of concentration; and a solution is obtained, exactly 
resembliug that which has been described. The first crystals, tliat 
ihoot from ihe solution, are of a faint rose red colour. The last are 
ithite, and contain a great e^uess of acid. The red crystals are solu- 
ble in i\ parts of water, at 55° Fahrenheit, and are insoluble in alcohol. 
The alkaline carbonates, prussiales, and phosphates, occasion a white 
precipitate from the solution, and are almost the only salts that de- 
I'Jiniposc this sulphate. It is composed of 

Protoxide of manganese . . 31.00 

Sulphuric acid 33.66 

Water 35.34 
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The peroxide is not acted upon bj sulphuric acid, except when 
concentrated, or ver^ little diluted: and it is precipitateJ ag^ bj 
water added in considerable quantity. 

Nitric ^cid, wlien moderately concentrated, dissolves metalKc naih 
ganese with an escape of nitrous gas. The solution is colourleas } tod 
by long continued evaporation, the acid is decomposed, and a blani 
oxide is left The green oxide and white carbonate also dissolye readily 
in nitric acid, and by particular management crystals may be obtainea 
from the solutions. The crystals deliquiate by exposure to the air; 
and 4>n the application of heat, melt, and are immediately decomposed. 
The black oxide does not dissolve in nitric acid, unless a little sag^ 
is added, or some .otiier similar substance. 

The action of muriatic acid is most important on the black native 
oxide. According to the old theory, part of the acid acts on one poi^ 
tion of the oxide; and first reduces it to the state of protoxide, and 
then dissolves it; affording muriate of manganese. The oxygen, thai 
liberated, uniting with another portion of muriatic acid, compowi 
oxy-muriatic acid. But, on the theory of chlorine, the hydrogen flf 
the muriatic acid is attracted by the oxygen of the oxide, and tk 
chlorine is merely set at liberty. 

When the muriate of maneanese is evaporated to dryness, and 
strongly heated, it forms brilliant scales, which, according to Dr. 
John Davy, are identics^l with the compound obtained by borhiag 
manganese in chlorine, and are composed of 

Manganese 54 ... . 100 

Chlorine ....... 46 ... . 85 



100 



Muriate of manganese is a deliquescent salt; it is soluble in an 
equal weight of water, and soluble, also, in alcohol, by which means 
it may be separated from the sulphate. It may be obtained in Itree 
tabular crystals, quite transparent, and of a rose colour. If consi- 
dered as a compound of muriatic acid and oxide of manganese, it 
may be stated to consist of 

Protoxide of manganese . 38.50 

Muriatic acid 20.04 

Water 41.46 



100. 



Dr. John has investigated, also, several of the combinations of oxide 
of manganese with vegetable and metallic acids, the details of which 
are contained in his paper. 

The black oxide of manganese has some properties, which render 
it the subject of amusing experiments. 

1. It imparts to borate of soda, when melted with it, a violet co- 
lour. When this is effected by the blow-pipe, the colour may be de- 
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fitroyed. by the interior flame, and again roprodtirnl by ilii« i*M|ciiiir 
one, or bj a small particle of nitre,* 

2. When black oxide of nianganettt) and iiiln*. both ivdiiot<il In 

powder, are mixed together, and thmwn into a ifiUhot nui iblo. Ihtt 

nitric acid is decomposed, and we obtain u conipniiiid ol hiKhly iiKi- 

dized manganese witli potash. 'I'he same i:oni|NHinil uuiy bi« obdtiiifil 

by fusing together one part of the black oxidc^and flvi* or u\% iirholld 

canstic potash. It has the Hiny:iilar pnifmrty of rxhibirniK dilfitii*nl 

ccdours, according to the quantity of walf.r that In addrd to it. A 

small quantity gives a green solution; a fartlifr addition lUuu^fn li 

"to blue; more still to purple; and a Htill larger (pinntity to u bruiiti 

fill deep purple. 

S. Tne experiment may tn; varif^l, by |iiittin{j; (''pial ciuaiititifn nl 

tliis substance into two sefiarate glanii vfthM-lh, and |HHif in^ on thi* oni' 

liot,and on the other cold, wat/;r. Th<; hot M»lijtion han a l»i'Hijtitul 

gieen colour, and t^ie cokl one is of a d'^fp purph*. Tiu' mtim* lunU'- 

xral, with waiter of difT^rent t#:niperatijr»;ii, smtiurrifvi vaiioiin nhadi^M ol 

Gflloar. Henoe uoa tfsui\tit*ni(\ Usi% \M:«-n ti'.nn<rd flu' flmitiflcon mifw- 

raL Tbis f- (^kttt is de^tmviKl by a vt^sy iiioall quantity ol «iijlphfi 

retof pocaa&t mzA br orx<^r ^rifj^tanorH t^at at»ra/.t hxy%fu. 

Hie properae§ ci/tZkU •la^lzr Vir/9tafi<.«; bsiv<: \m' n iau-ly m^t^h 
eated by C^erretir To ^zrArA*: ti^ yf,^.u«M ol iron, on whirh 

MB|;in a fuxrJoLiL trcrnirje, ocj> ^ATf.'A por^, ox./jV of roa/is^/»<'M wiio 
ngbtof pfician. fr»3if«sc 'rlrr, x^'jjtjA. 'Vkj^ tj*\f^*t of »>»*'. ^,hkUi,u 
was sdll gcKL . auc i-^ "f'l^ iryL^r. •rlv>«t.- ^f ff^x*; '•*.f>rr, '/- ol ' ;»f 

indies purpit- mc reu Ti»* jrv^ <»v ^.•-a*'.^ ^,'^ ».'*:-. <«,^v ■"*=«, •* * 
cwB&mL^uL uf 'Jitt'-rli* ffii:jittr. v v. iv.r> •/ r*s».i :>.*/. /^-v^ «.'./: .a .-*/l. 

IS BIT jit pnn.« rn- iTtt lir>r" ti: .-.".i.-^ m* i /•/•:•' •' : ■• \ "A •-■.= i 

••BMC Ji'.'_<>u:r i« «xi t:«r ir **r:i'ifu<';.?- 7 . ^ .u '. *•:"•. ^/.^w.i.i- 
■f^fcniui !»' i^zvr' s tl*r.?;i>«. ::rj \ ^ t:,. u . j. ^'. • •;-. • /- ./>. 
'•ant i:'::Lib» o njai^gixj^e-- u v .r. wi*- .*' *i,r^ :;*./'. • xi ^. 

VT^fin^ I>fli. '-Iir \t*- ^if ^•. ..■•.' ^ •' ..:. . 
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with sulphur, tliough a native compound of these two substances has 
been examined by Proust, The oxide, however, unites with sulphur 
by fusion, in the proportion of eight of the former to three of the lat- 
ter; and a compound is obtained of a green colour, which gives out 
sulphuretted hydrogen gas by the action of acid*). 

IV. Manganese unites with most of the metals, and composes al- 
loys ; none of which are distinguished by important properties. 



SECnON XX. 

Chrome* 

This metal is found in an acidified state, and combined with oxide 
of lead, in tlie red-lead ore of Siberia; in the state of an oxide, in 
the green ore accompanying the red one; and in the emerald, to which 
it communicates its green colour, and in some meteoric stones. A 
compound of chromic acid with oxide of iron has, also, been discovered 
in France and in America,* and is a much more abundant product 
than the lead ore of Siberia. 

I. To se])arate the chromic acid, the red-lead ore, reduced to pow- 
der, is boiled with twice its weight of carbonate of potash. An orange- 
yellow solution, composed of potash and chromic acid, is thus olh 
tained; and when, to this, a mi|^raFacid is added, and the liquor is 
evaporated, we obtain, 1. the salt formed by the acid, which has been 
united with the potash; 2. the acid of chrome, in long ruby-coloured 
prisms. From this acid the chrome may be obtained by heating it 
with charcoal, in the manner alrefidy often described. In the cru- 
cible a metallic mass is found, of a greyish white colour, formed of a 
number of needles crossing; each other. 

II. This metal is very brittle, infuaible, and fixed. Its specific gra- 
vity is 5.9. 

III. It is susceptible of three states of oxidizement. — ^The first 
oxide is green, the second brown, and a farther proportion of oxygen 
gives the chromic acid. The precise quantity of oxygen in these uif- 
iferent compounds has not yet been ascertained. 

IV. The nitric acid alone exerts any remarkable action on this 
metal. Repeated distillation, with this acid, changes chrome into 
chromic acid, combinable with alkalies. The chromates of alkalies 
precipitate the salts of lead, of a beautiful yellow colour; which is 
now procured in considerable quantity from the. American chromate 
of iron, and is highlv valuable in painting. Mercury is thrown down 
from its solutions by chromates of alkalies, of a cinnabar-red hue; 
silver, of a carmine-red; and all its metallic combinations are d'stin- 
guished by peculiar brilliancy of colour. The emerald derives its co- 

* Thomson's Annals, v. 75. 
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lour from the oxide of chrome ; and the epinelle ruby from the acid. 
ThU property of Imparting cnlour liaa suggested its name. 

The uitiiibinBtions of the rliioinic aciil with ditteient bases have 
y investigated, and ilescrlhed bv Vauuuelin, in tlie TUth vo- 
lume of die Jknaabs de Chimie, and by Dr. John, in the 4th volume 
sou's Annals of Philosophy. It has, indeed, been lately as- 
I serted, tliat the chrome acid is not a simple combination of chromic 
I and osygen ; but that it alwiiys contains a portion of the acid, by 
which itlias been precipitated from its alkaline cumpnunds ; in otlier 
I words, tliat no true chromic acid exists.* 



SECTION XXL 

MoliiMenuin. 

t most common ore of molybileuum, was long mistaken for 
plnmbago, or carhurut of iron, to which it bears, externally, a strong. 
resemblance. It is, in fact, a combination of sulphur and the oxide 
of molybdenum. These two components may be separated, by re- 
peated distillation witJi nitric acid. To the ore of molybdenum, in a 
retort, six times its weight of nitric acid ace to be added, and the 
mixture distilled to dryness. This process must be repeated four or 
five times; and, at its close, both the sulphur and molybdenum will 
be acidified. The sulphuric acid is expelled by heating the mass in a 
crucible ; tiid any remaining portions ai'e tone washed off with dia* 
tilled water. The residue {nutlybdic acid) is a white heavy powder} 
wbich has an acid and metallic taste; has the specific gravity S.4; is 
soluble in about lOOOparts of water; and forma sails with the alkalies 
and earths. The acid is reiluced by making it into a paste with oil, 
and exposing it, bedded in charcoal in a crucible, ti> an intense heat> 
ftr(»s Hiclm recommends) the ore of molybdenum may be repeated- 
ly roasted in a moderate red-heat, till the wliole is reduced to a fine 
Kiwder, which may be passed through a sieve. The powder is to be 
iBolved in ammonia, the solution filtered, and evaporated to dry- 
ness. The residuum, being moderately heated with a little nitric 
acid, )(ives a white powder, which is the pure oxide of molybdenum. 
Tliin may he metallized by exposure to an intense heat with oil or 
pomlered charcoal. 

II. Molybdenum has a whitis'i yellow colour, hut its fi-acture is a 
whitish grey. It has not, hithej'to, been obtained in any form, but that 
of small brittle strains. It is nlmust infusiUe by any artificial heaL Ita 
Bpeciflc gravity IS 8.611. 

It is readily oxidiaed when heated in contact with air, and is con- 
verted into a white oxide, which is volatiliy.ed in small brilliant 
needle-shaped crystals. This compound has acid properties. 

' ThomMti's Annals, vli, 30. 
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III. The nitric, nitro-muriatic, and osy-murUtic adds are H 
BDes that act on molybdenum, 

IV. Tlie muriatic, and uthec acids, act on its oxides, and afford blue 
solutions. 

Tliere appear to be only 
lybdenutn and oxygen- 
scribed. It is composed, according to Bucholz, of 



nly two weH ascertained compounds of U 

The first is file molybdic acid alreadf 1 



Molybdeniiin 
Osj-gen . 



6fi.7 



100 



100. 

Berzelius states the metal at 65.5, and tlie oxygen at 34.5 i& 
grains of molybdic acid. 

When one part of powdered molybdenum, and two parts of mot 
die acid, are triturated in bulling water; then filtered ; and the sc 
tion evaporated at a temperature not exceeding 120° Falirenlieit, we 
obtain a line blue powder, which is molybdous acid. This acid is 
more soluble in water than the mcilyfaiTic, and its solution reddeM: 
vegetable blue colours. It is stated by Bucholz to consist of 



Molybder 
Oxygen 



100 



reaaew^ 



It seems not improbable that there is an oxide, containinga si 
proportion of oxvgen than the molybdous acid; and that this t 
IS constituted ot two atoms of oxygen to one of metal. On this 
supposition the atom of molybdenum must weigh about 44; and, in 
molybdous acid, it must be combined witli two atoms of oxygen, 
weighing 15; and in molybdic acid with three atoms, weighing 22.5. 
The oxide, consisting of one atom of metal 44, and one atom of oxy- 
gen 7.5, remains to be investigated. 

The molybdous and molybdic acids unite willi salifiable bases, and 
form distinct classes of salts. The latter acid is changed into the 
former hy some of those me^'ls, that powerfully attract oxygea. 
Thus a soldtion of molybdic acid, in which a small rod of tin or ziiic 
is immersed, becomes blue, in consequence of the partial disoxyeeiu^ 
tion of the acid; and on the same principle recent muriate oT liD 
throws down, from molybdate of potash, a fine blue precipitate. The 
molybdic acid decomposes the nitrates of silver, mei-cury, and lead ; 
and the nitrate and muriate of barytes. 

V. Molybdenum unites readily with sulphur, and composes a sut^ 
stance, similar to the one from which the metal was ori^nally ob-_ 
Uined. One hundred parts of the metal combine with 67 of su1d|'"~ 
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SECTION xxir. 

• Uraiiium. 

1. This metal was discovered by KUproth, in amineral which con- 
taiaa uranium combined with sulphur. T^e metal is separated from 
the sulphur.first by roasting; then dissolving the ore in nitro-muriatiC' 
acid, and precipitating bjr an alkali. An orange- coloured precipitate is 
obtuned, which is an oxide of uranium. Inis may be reduced to s 
metallic form, in the same manner as the molybdic acid. 

U. Uranium is of an iron grev colour; and internally of a reddish 
brown. It has only been obtained in small grains of considerable 
hardness and lustre. Its fusion is very difficultly effected. It un- 
dergoes DO change by exposure to air, unless strongly heated, whvn it 
burns, and becomes a blaek oxide. 

III. The metal is soluble only in nitric acid, 

IV. Itsoside, when precipitated by potash from nitric acid, is of a 
yellow colour, and dissolves in acids. It is precipitated by alkalies; 
and is thrown down, of a reddish brown cotour.by prussiates. SnU 
phuret of ammonia gives a brownish yellow precipitate; and tincture 
of ^lls, a chocolate brown one. When exposed to intense galvanic 
action, it is fused, but not reduced. 

V. The yellow oxide of ui'anium is insoluble in alkalies, which dis- 
tinguishes it from the oxide of tungsten. It is soluble, however, by 
alkaline carbonates. 

There appear to be two oxides of uranium, the yellow one, which 
retains its colour when heated alone, and becomes the blavk oxide, 
when heated with a little oil. The Grst, according to Bucholx, con- 
aists of 80 melal and 20 oxygen; but the composition of the black 
oxide is not yet determined. 



S>:CTION XXIII. 

Tungsten. 

I. Tungsten may be obtained from two different minerals. The 
, (HW, consisting of the tungstic acid, united with lime, is culled simply 
tUB^ten. In die other, termed Wolfram, it is united with iron and 
■nangauese.* Its extraction from the former is the most simple pro- 
cess. One part of tlie tungstate of lime, and four of carbonate of 
potash, are lused tiK^ther, and the mass is dissolved in 12 parts of 
boiling water. Nitric acid is then added, which unites with the pot- 
ash, and precipitates tungstic acid. This acid, when reduced in the 
L usual manner, yields tungsten; but the process is a verydifficultone. 

• Berzelius, Ann. de Chim, ct Pbys. iii, 161 
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and frequeully faila of sucteaa. Profesaor Clarke has succeeded in 
efTecting its reduction by the oxygen and hydrogen blow-pipe.' 

The tun^tic ackl may. also, ae obtained from Wolfram, by fusion 
witii three times its wei^ituf nitrate of pStasli; or with twice its weight 
of carbonate of potash. The ftised mass, dissoWed in boiling water, 
and filtered, gives, on ^e addition of nitric acid, a precipitate of 
tungslic acid; or Wolfrati, reduced to a line powder, may be boiled 
with three times its weight of muriatic acid. A% soua as tne acid be- 
comes hot, a yellow powder appears, and the liquid becomes brown. ^ 

When cold, decant the clear liquid, and wash (he sediment repeated 

ly with water; then digest it, for some hours, with liijuid ammonia,^ 
which will take up a part. Repeat these operations, till tliey cease to — 
acton the substance. Evaporate the ammuniacal solution to dryness^. 

and calcine the salt The acid of tungsten reniaina, in tite pmportion - 

<if more than half the weight of Wollram which has been etnployed.,^ 
Other methods of forming tungstic acid are described by Buchol7-1~~! 

II. Tungsten has the following characters: 

I. It has a greyish white colnnr. like that of iron, and a good deal— 
of brilliaacy. It ia not magnetic. Ita specific gravity, according K^" 
tVEIhuyarts, is 17.6; or according to Messrs, Allen and Aikin IT.ST 



Bucholz makes it the a 



n of thea 



17.4. It is unl;_ 

■equires, for fusion, a tem— 



s extremely 
perature of at least 170° Wedgwooil. 

3. It is oxidized by the action of heat and aii'. Its lirat oxide is 
black. The second ia yellow, and is commonly termed tungstic 
acid. 

4. The tungstic acid has no taste: has tlie specific gravity 6.19; ii 
difficultly fusmie except by intense Galvanic action, which partiaUi 
reduces it; it is inaoluble in water; but remains suspended in it, ana 
in thia state has no action on vegetable colours. Uxposed to heat in 
a platinum spoon, it assumes a deep green colour. Calcined with the 
contact of air, its yellow colour becomes deeper, and passes to a green, 
and, after some hours, grey. The deficiency of several acid pro[)er- 
ties induced Vauijuelin to withdraw it from the class of acids, and 
to arrange it amon^ the oxides. 

The tungstic acid is conipuaed, as appears from the experiments of 
BuchoU, of 20 parts oxygen and 8U metal; and the tungstate of linw 
was shown by Klaproth, to contain per cent. 77.73 parts of acid, and 
22.35 of lime. 



FOURTH CLASS. 



SECTION XXIV. 



Titanium, 

I. TiTAKiu.M is obtained from a minei-al found in Hungary, &£.csll- 
nl red schorl, or titamte; and, also, in a substance from Cornwall, 
termed mennclianltc. It was in the latter substance that it was orig^- 
ualij discovered bv Mr. Grcgor of Cornwall ; and its characters have 
xincc been more fully investiojated by Klaproth, Vauquelin, and Hecht, 
liovilz, and Lainpadius. To separate it from the first compound, the 
Duneml is to be reduced to powder, and fused with twice its wdght 
vi pobuh. When Ihe fused mass, after cooling, is dissolved in water, 
■ wliitc oxide of titanium remains. To free it from iron, Lauder dia- 
Bolved it in muriatic acid, and added oxalic acid, which separates a 
white docculent precipitate of oxalate of titanium." The oxalic acid 
in tliis may be destroyed by calcination. 

Menachanite is to be first fused with potasli in a similar manner; 
Will (o the alkaline solution, muriatic acid is to be added. This dis- 
wives the oxide of iron, and precipitates the white oxide of tita- 
fiium, Btili, however, contaminated by some iron. 

JL The oxide of titanium fuses, but is not reduced by a powerful 
Galvanic battery. It is reduced, however, by exposure to an intense 
heat, moistened with oil, and surrounded by powdered charcoal. A 
blackish blistered substance is obtained, some points of which have a 
reddish colour. Lampadius slates its colour te be tliat of copper, but 
deeper; and its lustre te be considerable. It is brittle, but when in 
thin plates, has considerable elasticity. When this is boiled with 
nitric acid, no remarkable eRect ensues, but the bri^it spots disap- 
pear, and are succeeded by a white compound. Nitro-muriatic acid 
rmnis, also, a white powder, which remains suspended in it Sulphu- 
ric acid exhibitsa similar appearance; sulphurous acid is disenzaged ; 
Uld the titanium is partly changed to a white oxide, and partly dia- 
Mdved. Muriatic acid dissolves titanium, but not its oxide. 

HI. The solution of titanium gives a white precipitate with carbo- 
nates of alkali; a grass green, mixed withbroH-ii with prussiate of pot- 
ash; and a dirty <lai'k ^Teen, with hydro-sulphurets. Infusion of ^Is 
precipitates a reddish brown substance, which,.if the solution be cop- 
centruted, has the appcarimce of co.igu luted blood. A rod of tin, im- 
Hlvfsed in the itolutiun, imparts to the liquid around it a fine red 
(olour; and a rod of zinc a deep blue one. 

IV. Titanium tarnishes by exposure to the atmosphere, and is oxi- 
* 69 Ann, de Chim, 306 
Vol. II.— S 






been strongl]' heated, into a c&vit^ about one inch anil a halfdeepi 
and of the sixe of a goose quit), artificially fomied in a piece of char- 
coal. To this cavity a stopper of charcoal was iitted, and (.he, wholci 
ebclosed in a Hessian crucible, was e!t[)o&ed to a violent tire dnring 



an hour. From four expeiiments, ( 
the composition of the oxide to be 

Tantalum .... 9^ 
Osygen t 



nilarly conducted, he infermU^ 



The specific gravity of a specimen of the metal, sent by Berzelitsa 
to this country, was found by Dr. WoJIaston to be 5.61, but aa tf»« 
mass was porw, its specinc g;ravity la probably much higher. I'fs 
colour was da^ grey, and when scratched with a knife, or rubbed 
against a fine grindstone, it assumed the metallic lustre, and th« tip- 
pearance of iron. By trituration, it was reduced to a powder, whi«) 
was destitute of metallic lustre, and completely insoluble, even bvse- 
veral da^ digestion, in muriatic, nitric, or nitro-muriatic acid. Lite 
chrome, titanium, iridium, and rhodium, it is incapable, therefore,' of 
beio" oxidized by acids, and in order to be oxidized requires to he 
fused with caustic potash. At a red heat, the metal takes fire, and 
burns with a feeble flame. It detonates, also, when mixed with nitre, 
and projected into a red-hot crucible. With other metah 
and forms alloys.' 



SECTION XXVI. 



T. Cerium v 
Stockholm 



discoveretl, by Messrs. Berzetius and His 
mineral from Bastnas, in Sweden, which hatT 



supposed to be an ore of tungsten. This discovery has been nM^H 
confirmed by Vauquelin; who, after a careful examination of the iM^^ 
neral, concurs in opinion, that it contains the oxide of an unknown: 
metal. Prom the planet Ceres, discoTered about the same period, it 
has been called Cerium; and tlie mineral that contains it is termed 
Cerite.t 

II. To obtain the oxide of this new metal, the cerite is dissolved 
in nitro-muriatic acid, after being calcined and pulverized. Th^ 
solution is filtered, neutralized with pure potash, and then prctjtft- 
tated by tArtrite of potash; or, as Laugler recommends, by nsalic 
acid. This precipitate, well washed, and afterwards calcined, is th« 

i. 233. 



A. The onide of tliid metal ii wiiite, ami does not acquire any 
[ colour, bj exposure to a bigh temitei-ature willi access of air. Itii 

specific gravity, after being made redJiot. is 6.500. 
I 4. It TDelts with phosphate uf soda, aod with borax, but does uot 
' impart tn thp.m any colour. 
[ 5. The oxide of tantalum, ignited witli charcoal, melts and a^uti- 

nateg. It then preBents a mutallic luslre, and a ghiuin^ fracture uf a 
' ^yish black colnur. Acids chance it again into a white oxide. 

Though the oxides of tin and of tungsten are equally soluble with 
1 that of tantalum in ftsed alkalies, yet the former is easily reduced, 
I furnishing a ductile metal; and the oxide of tungsten dissolves in 
I ammonia, is changed to a yellow colour by acids, and communicates 
I colour to phospltate of soda and borax. The oxide of titanium dif- 
I fera from tliis, in being soluble bv acIiU, and in ^nging borax and 
, jidiosphoric salts, when fused with ttieni. ^ 

Considerable doubts had been eottirtained by se^ral chemists, 
whether any essential difference exists between cohimbiura and tan- 
talum; and their identity a^ypears now to be sufficiently established 
by the experimeots of Dr. Wollaston. Havine procured specimens 
of tite tanlalite and y ttro- tan tali te, from which tantalum may be se- 
parated, he compared its properties witli tho^e uf oxide of columbium. 
furnished by Mr. Hatcbett, and obtained from a specimen in the Bri- 
tish Museum. 

The external characters of tlie mineral, which yields columbium, 
closely accord witli those of tantalite. Both, also, yield a white 
oxide, combined with iron and mangunese, and as nearly as possible 
in the same proportion. The white oxide, tliough not absolutely in- 
soluble in sulphuric, nitric, and muriatic acids, is (from whichever mi- 
neral it has been obtained) very nearly so. Its appropriate solvent is 
[lotaah, winch does not retiuire to be absolutely free fi'om carbonic 
acid. The whole of tlie oxide, time dissolved, may be precipitated by 
an acid, and it is not re-dissolved by an excess ol acid. 'JThe oxides 
from boUi minerals agree, also, in being soluble, when fresh precipi- 
tated, by oxalic, tartaric, and citric acids. Ekeberg, however, we are 
infornied by Ber7.etiuE,* discovered in a sample uf tlie mineral from 
the British Museum, a considerable quantity of tuiigstic acid, to which 
H owes its acid properties, and its other constituent he found, with 
Dr. Wollaston, to be oxide of tantalum. 

Infusion of galls, prusi-iate of potash, and hydro-sulphuret of pot- 
ish, occasion no precipitation from the alkaline solution of eitliei' of 
these oxides; and, when a sufficient quantity of acid has been added 
io Deutralize the redundant alkali, infusion of galls only throws down 
a precipitate which, in both cases, is of an orange colour. From these 
coiDcideuccB, tliere can be little room to doubt of the identity of tan- 
taluoi, with the characteristic ingredient of columbium. 

Tantalum has lately been reduced to a metallic form by BerzeliuB. 
His method consistedin introducing the oxide, which hail previously 
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This globule was not acted upon bj any of the simple ftcida; 
wag i»ssolveil, though slowly, by uitro-niuriatic acid, 'fhe a* 
Wfts reddish, and gave traces of iron ; but it also gave evident 
of cerium, by the white precipitate which tartrite of putash and oxa- 
late of ammonia threw down. The metallic globule, also, was harder, 
whiter, much more brittle, and more scaly in its fracture, than pure 
cast-iron. When exposed by Mr. Cliildjen to his powerful Galvanic 
battery, oxide of cenuni fuaeil; and, when intensely heated, burned 
with a large vivid white flame, and was partly volatilixeil. The fused 
oside, on exposure for a few hours to tlic air, fell into a lidit brown 
powder, contaiuiag numerous shining particles of a silvery lusti'e. 

XI. Hence cerium appears to be a volatile metal, unless it is vult* 
tilbeed in the state of an oxide, which remajus to be ascertained bj 
future experiments. 
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\'EGETABLE substances, though they are all distinguished from 
■h other by peculiar charactei-s, present several cii'cumstancM of 
agreement in chemical prupei-ties. Oxygen, hydrogen, and carbon VC 
ffieir principal ingredients, to which a certain proportion of nihiigeit 
is occasionally added ; and variations in the proportions, and mode ^ 
combination, of these elements cause the great divei'sity, which bkV 
sists among the products of the veget^le kingdom. They are all 
susceptible of decomposition by heat alune; but we cannot, as in bt^ 
dies of tlie mineral kingdom, proceed from a knowledge of their con* 
ponents to the actual fuimation of the substances themselves. Itli 
noL probable, indeed, that we shall ever attain the power of imitatlt^ 
nature in these operations. For in the functions of a living plant^'a 
directing principfe is concerned, peculiar to animated bodies, and n- 
penor to, and differing from, the cause which h^ been termed cHent 
cai affinity. 

The dis^nction (as has been well observed by Berzelius*) between 
inorganic and organic compounds appears to be this. The fomut 
nre composed either of combustible or of oxidized bodies; ami, wlitfi 
when 01 the latter, each combustible base is united with a poi^toti it 
oxygen, which belongs exclusively to it, and which act^ompanies i^ 
when it is detached from combination. Organic compounds. alM[ 
contain osygenj but, in these, we have several combustible bnsmi 
united to one portion of oxygen, which cannot be said to belong mart 
to the one, than to the otner; and which would not suffice to brine 
any one of tliose bases to its maximum of oxidation. 

• 60 Ann de Chim. 37. 
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The productions, of which I am alwut to offer the chemical histoiy, 
may be regarded as the immediate or proximate priuctples of vegetS' 
Wes; for we may presume, ^oerally speaking;, that they exist in the 
living plant in a state identical with tliat, under which chemical pro- 
cesdes exhibit them. It is not so when we proceed to the ultimate 
anxlysi§ of vegetables! tor, in that case, we obtain compounds, which 
rormed no part of the vegetable structure, and which result from a 
new arran^ment of the elements composing it. Acetic and carbo- 
nic acitis, for example, are obtained by the destructive distillation of 
several ve^table substances, in which neither of these acids existed 
readf formed, but only their elements. •■ 

The destructive distillation of vegetables was, till lately, the only 
method employeil to determine the proportion of their ultimate ele- 
ments; but more refined and perfect modes of analysis have lately 
been practised by Gay Lussac and Thenard, which have aETorded 
reuitts, much more deserving- of confidence.*^ Their process consists 
'in effecting the combustion of vegetable sabstances, in close vessels of 
i peculiar construction, by means of hyper-oxymuriate of potash. 
Berzelius, also, has considerably improved the methods of vegetable 
au&iyws. 

The following generai laws, respecting tJie composition of vegeta- 
ble bodies, have been deduced, by Gay Lussac and Thenard, from a 
general review of their experiments. 

t. A vegetable substtuice is always acid, when tlie oxy^n, which it 
contains, is to the hydrogen, in a proportion greater than is necessary 
to compoi^e water. 

n. A vcEflable substance is always re^nous, or oily, or alcoholic^ 
&c. fhea the oxygen, contained in it, is to the hydrogen, in a less 
prapoction tlian in water. 

III. A vegetable substance is neither acid nor resinous, but in a 
ttttle anulogims to sugar, gum, starch. Ilgnin, &c. whenever oxygen 
and liydrogen enter into its composition in the same proportions us 
ill water. 

Without supposing then, that oxygen and hydrogen exist, as water, 
ID ve^lobles, we may, for the sake of illustration, consider vegeta- 
ble acids, as constituted of carbon, water, and oxygen; — the resins, 
alcohol, etlier.&c. as composed of carbon, water, and hydrogen; — and 
bodies of die third class, as composed of carbon and water only, it 
fllioold not, however, be concealed that some exceptions to the genc- 
nlihr of tliese principles have lately been pointed out by tiaussure.t 
^ The products of the vegetable economy are either situated in par- 
tieolar organs or vessels, or are distributed throughout the whole plant. 
SlHtietiities they reside in the root or stalk; at others in the bark or 
hiaaves; at others they are peculiar to the fruit, the flowers, the seeds, 
<er even to particular parts of these organs. When thus insulated, 
it^y may readily be procured in a separate stale; and, in several in- 
atAllces, uulhing more is required than tiie labour of collecting them. 
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Thus gum cxutlcs from some tiees, and manna issues froni tli« 
branches of others. Sometimes, liowever, we are presented with r , 
variety of sutatanees mingled tf^cther, and requiring separation by — 
processes which are sufficiently simple, and which consist in repo>e„_. 
filtration, pressure, washth^ ilistillation at a gentle heat, solutiiHi hj'~* 
water and alcohol, and si mdar operations, that do not alter the Batur«:?— 
of the bodies submitted to them. 

The number of juinciples, which have dius been exiractcid frOH^ 
vegetables, has of late yeais been greatly enlarged, and amounts at- 
present to between tliirly and forty. Of lliese, tiie greatL-r part ai^- 
certainly etititMd, by a train of properties sufficiently charactei'iBtk', 
to rank as distinct compounds. But others seem to be bo noarly 
allied to substances, with which we have long been acqtiaiDt«d, tiiSt 
it ciui serve nu useful purpose to assign them a ditlerent place in dw 
gyslem. The unnecessary multiplication, indeed, of vegetable prin- 
ciples, c^ntiibutes rather to retard than to advance the priigrsss t"" 
tins difficult part of chemistry: and it is only in cases of decided ^ 
unequivocal diilerences of qualities, that we should proceed tOid[ 
establishment of new species. 



Vegetable Extract. 



The term V.-oetable Kstract is not to be undeisfood in titt 9^„ 
which is generally annexed to it, as comprdiendingall those (Mrta. a. 
vegetables which may be dissolved in water, and obtained in a soBil 
form by evaporating the solution; but is now limited toadistinctatul 
peculiar substance. This substance may be ubtaincd by evaporalinK> 
at a tem^rature below S12°, an infusion of satli*on, prenaret! viHt 
boiling distilled water. Extract, thus procured, has tlie follow' 
perties : 

1. It is cohesive, of a brownish colour, and generally of a hittensh 
taste, varyiDE with the plant, fi-om which it has been obluined. 

i. It is sufuble in cold water, but more copiously in hot; and Qu: 
solution is always coloured. Hence the decoctions of certain enb- 
stances (Peruvian bark for examplel become turbid on cooling. Th« 
sc^ution, exposed foralong timetatde ati',acquiresamouldy peUide, 
and undergoesft sort of putrefaction. 

3. When a solution of extract is slowly evaporated, it altiirtlft « 
semi-transparent mass; but rapid evaporation renders it perfectly 
opaque. By repeated aolutions m water, and evaporations, it aoqaires 
a deeper colour, and loses its property of being soluble in water, ap- 
parently in consequence ofabsorbing oxygen from the air. 

4. Extract, exposed to the atmosphere, slowly imbibes moisture; 
or is imperfectly deliquescent. 
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VGCBTADL& EXTRACT. 

5. It is soluble in alcohol ami itf liquid alkalies, but neither in 
ether nor in acids, wliich last even precipitate it from its solution in 
water. 

6. Oxy-muriatic acid, poured into a solutionofextract, precipitates 
a flark yellow powder, which is no longer soluble in wuler, but dis- 
solves in hot alcohol. 

T. Extract has an affinity for aluminc. When the sulphate or mu- 
riate at' this earth 4h poured into one of extract, a precipitate appears, 
««pe«:iallT if the mixture be boiled* Whpu linen or woollen thread, 
previouBly impregnated with a si^ution of alum, ie boiled witli u solu- 
tion of extract, tlie thread is dved a fawn colour, and the extract dis- 
appears in great part from tlic Vitiiior. 

8. Muriate of tin, and several otliei- metallic salts, also precipitate 
extnct, their oxides forming witli it insoluble compounds. 

9. Extract is not pi-ecipitated by a solution of tan. 

These are the properties of extract, in the purest fonn under which 
ve have yet procured it. As commonly obtained, however, it is com- 

' biBcd with one or more, and frequently witli a great number of other 
principles. In the sap of planf^ it exists united with mucilage, gallic 
acid, tan, acetate of potash, and other neutral salts. Of tHe substance 

' called catechu, it forms, according to the experiments of Sir H. Davy, 
\ considerable part ; and beiiw not easily dissolved by cold water, 
aay be obtained by washing ontlie more soluble parts. The infiieions, 
alao, of most vegetable substances, hold extract in solution, united 
with other principles. 

From a series of experiments on this subject. Dr. Bostock ie dis- 
posed to doubt whether there be any distinct principle, to which the 
tide of extract can with propriety be given ; and tliis doubt is enter- 

' tained, also, by Braconnot.* The re-agents, he finds, which have been 
minted out us teste of extract, act also upon tan; and the processe§, 
wr separating extract from the other parts of vegetable infusions, ap- 

E&r tit him to be founded upon incorrect assumptions. He has not, 
wever, examined the extract from safiion ;t but it has been the sub- 
' ^t of a series of experiments hy Bouillon la Grange and Vogel, 
who have given it the name of paluchroite, oii account of the many 
! ^ferent colours which it is capable of assuming. Thus its natural 
I colour is yellow; and its aqueous solution is deprived of colour by 
' exposure to the sun's rays. Sulphuric acid dropped into the aqueous 
Mlution causes a dee|> inrligo blue colour; nitric acid a green one; 
i chlorine renders it colourless.^ 

• Thoniaon's Annals, xii. 34. 

t Sec Mcholson's .Touriial, ixiv, 2U4. 

+ Aim. JeChim. Ixm, 188. 
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Mucilage, or Guw, 

This subBtauce, termed mucilage when lluid, is, in a Holid i 
generally knowD by the name of gum. Gum aiTibic may be taken a 
an example. It appears, howevw, from Dr. Bostock's experiments^ 
that there ia a considerable varletjrtii the chemical propeities of dif- 
ferent mucila|:es. 

1. Gum 19 ilry, brittle, and insipid, and undergoes no change by 
exposure to the atrooBphere, except that Uie action of light destroys i 
the yellow colour, which it frequently exhibits. Its specific gravity 
varies from 1300 to I-ISO. 

S. It is readily soluble in water, and forms a viscid 'solution, which { 
may be kept a loo§ lime, without undergoing any change ; but finally 
becomes sour. 

S. It is insoluble in alcohol and in ether, the former of which pre- 
cipitates it from water. 

4. It ia separated from water, in a thick curdy form, by acetate of 
lead; and is thrown down by the red sulphate of iron, in the state of' 
a brown semi-trans pa rentjelly. Several other salts, also, have a simi- 
lar eBect. According to Dr. Thomson's experiments, the salts, con- 
talning mercury and iron at the maximum of ojjdatiun, are the most 
efficient in precipitating gum. The oxides of copper, antimony, and 
bismuth, are, also, acted upon by it; for it prevents water from pre- 
cipitating them in the sfate of sub-salts. The effects of re-4igentff oa.a 
solution of gum have been investigated by Dr. fiostock;* and have 
been found to vary considerably in the difterent species of gum; for 
example, in gum ai-abic, cherry-tree gum, and linseed mucilage. Ber- 
zelius, also, has examined the compound of gum ai-abic with oxide of 
lead, to which he has given the name of gummate of lead. He 6t4B 
it to consist of — ~^ 



100. 



lOO.t 

_ 5. Gum is soluble in pure alkalies, and in lime-water, and ii 
cipitated unchanged by acids. Of the earths, silex seems to I 
strongest affinity for it; a solution of silicated alkali decom] 
very dilute solution of gum. (Thomson.) Dr. Duncan, jun.,h_ 

informs me, that this precipitate is produced only by solutions 

lighter coloured specimens of gum, which have difl'erent properfies. 1 
The precipitation, when it does occur. 



from those of ilarber colour. 



• See Nicholson's Jon 
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^^H^fiostock suspects to take place, only in cnnsequence of the lime 
^^PBch gum cORlains. Heoce o:<alic ackl, &lsi, proJuMiis b |>red[Htate 
l^^ftom ihe solution of gum arabic 

6. Dilute<l acids dissolve gum undiui^l, and the cuncentrated 
*^eB decompose it Stron^ sulphunc acid converts it into water, 
Acetous add, and charcoal ; the last of which amounts to rather more 
tJiin one-fourth die weight of the gum, and eiliitnta sligjht usees of 
artificial l^ui. Nitric acid dissolves gum with a ilisengagemeDt af 
nitrous g;3s; and the solution, on cooling;, deposits a little saccho'actic 
or mucous acid. Tlie production uf tnucaus acid appears to be the 

I characteristic propert)' of mucilage; and Vauquclin even obtained 

. this acid from the mucilage of linseed. Some malic acid is also form- 

^ ed; and by continuing the heat, the gum is changed by the nitric acid 

ibto oxalic acid, which bears die pruftuition uf nearly one^ialfuf the 

weiglit of ttie gum. Oxy-muriatic acid liansmitted Uirough a solution 

of gum. changes it into critic acid. 

7. Gum und sugar readily combine; and by gentle evaporation of 
their mixed solutions, a transparent substance is nbtainetl. Prwn tilts, 
alcohol separates a i^rt of the sugar, but tiie remainder continues in 
combinatioo, and forms a substance, resembling tliat of which the 
nests of wasps are composed. 

8. Gum, when subnuttcd to destructive distillation in a retort, 
yields an acid, formerly called the pyro -mucous, but now ascertained 
to be mei'ely the acetic, holding in solotion a portion of essential oil, 

I jHil Buine ammonia. Caiburetted hydrogen and carbonic acid gases 
■MMpbo disengaged ; and in the retort diere remains charcoal, mixed 
^^^E lime and phosphate of lime. Gum, diereforc, is composed of 
^^^Hcn. iiydn^eo, cai-boo, and (as may be deduced fi-om its Tielding 

^V' 



unia) a little nitrogen. It appears to differ from sugar, not only 
- ■ ■ ■ ■ tioQ ofoj L , .1 _ . .- ..- 



containing a less proportion of OKygen, but also by its combination 
with lime and nitrogen." 

Respecting the varieties of vegetable mucilnge, which appear to be 

Kretty numerous and well mark^ed, much valuable information may 
e obtained from the paper of Dr. Bostock, which has been already 
referred to. Cherry-tiee gum, tragacanth, and some otJier varieties '. 
are considered as forming a distinct vegetable substance, to which the 
t»me of cerasin has been given. It imbibes water, and swells very 
ctmsiderahly in bulk, but in nut at all soluble except in boiling water, 
irom which it again separates on cooling in the state of a. jelly. 

Gum arable has been analyzed by Gay Lussac and Thenard, and 
Berzelius, and found to consist of 

Carbon .... 4a.2S . . . 41.906 
Oxygen .... 50.84 . . . 51.306 
Hydrogen ... 6.93 .. . 6.78B 

100.f 1004 

09. t Gay I,u^ 
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8au»aure in aildition to these three elements found alsiM 
quantity uf nitrogen. Fium gum arabic and gum ti'B|;eicantfl 

Cai'tion 45.84 

fh-j^Ti 48.26 

llyilrogi-n ...... 5.4G 

Av.ott " 0.44 



SECTION III. 

t'fsetable Jelly. 

.FJelljmayb.-obtainedfromtliereceiitlyexpre 
r certain fi-uita, auchas the currant and gooseberry. WhelT , 
pressetl juice of these fruits is allowed to remain, for some tiri^ 
litate of rest, it partly coagulates into a tremulous soft substance, 
known by the name of jelly. The coagulum.Vashed with a very s 
ijuantity of water, is jelly nearly in a state of purity. 

Vcgetuble jelly, unless when tinged by the colour of the frai 
nearly colourless; has a pleasant taste, and a tremulous consists 
It is soluble in cold water; but more copiously in hot, and the i 
tion, if stron"; enough, again gel at! nates on cooling. By long bo 
it loses this kst property, and is changed into a substance &nalo 
to mucilage. When dried it is transparent It combines rei 
with alkalies. Nitric acid converts it into oxalic acid, without 
engaging any azotic gas. lis solution in water is precipitated b 
fusion uT galls. 



SECTION IV. 

Sugar and Oxalic Acid. 

Art. 1. — Sugar. 

Ai-MosT all the sugar, which is applied to the common purpt 
life, is derived from a. plant, the growth of hot climates, called .Srt 
Saecharifera. This plant produces strong canes, inclosing a 
pitliy substance, which yield, by the compression of powerful mi 
nery, a large proportion of sweet juice. The juice is evaporate 
copper vessels, with the addition of a email quantity of slaked 1 
During evaporation, a thick scum is formed, which is contin uaM] 

* Thomson's Annals, vi. 4ol 




tmti. 1W jm« Mses WMnaifclT ft«n lu^ 'si iiuller boilcn, 
tt iemtA, im the last of these, k becomes thick and ttnadanu. 
Wkn *i» bifixiH, it » enptifd iutadiAllaw wocMkn coolere. irtwre 
kr wwp ftiwi a B»« of sadU kn^br orstab, MiTcloped in a 
(Mdj Ud. The whole mass is dnuied in hogsjieada; in (be bot- 
!■* «f winch bolea are faMol. TIk B*M, wliidi Mparates, is called 
mIok* «r trswJt : umI dtc dried crystals are exported to this cevB- 
>;«Bder the name of raw or «iise(^ca)/ocH>:ar. 

Ha w J M ^^ enl nraows, which soi^ andersioes, nfith Uie view of 
hii|iBI, it tv the witte aod beatitiral farm of loaf-sugar, consists ii Hs 
Icag re^dHOTltv) in time-water, and in beins boiW with a (|uajititT 
if IMK cvi^UUe 3iib$tuc«, ^ch u the whites of eggs or bulloclS 
UttA. 'nse MtMttices csac^olate into a thick Bcum, vhich risec to 
*e tm^re, ^vr-niiE alon^r wiui it the principal pan of tlie imporitics 
■f the casar. Th^ soTation, after being eraponled to a due coosistence, 
>Im OKI into taiSe conical earthen pots, with a hole at tbe apex of 
fl« cQ*e. and each supported by an eAr^en jar. When the syriip 
ka oncretcd into a solid mas^, the plos is removed from the point 
ff (he cone. Co allow the adherins liquiirto drain off; and a nitinre 
'fjiff <:Uy and water b poured on die surface of the mwild, and 
fldkfed to continue there four or five days. The moistare from (his, 



sfrup; and tl^ whole \oai, alter being dried it _ 

nm, IS obtained of the proper degree ot whiteness. 
' BcsmIcs the juice of vae cane, susar may be extracted, also. Irom 
tennl other Tegetables. The jutce which flows spontaneously fiwm 
iKtBont made lu tlie American mapie-tree, aRbrds a ^uantit^ suffi- 
tiot lo render it a process worth following. Ripe fniils contain su- 
■r in cooaMlerable <inaotity, and by \on^ keeping after they have been 
jbed, it appears, in a granular state, on their surface. Ine juice of 
ftecarrot, and still more reiuarkably of the beet (&rta t-ti/^rtf, Linn.) 
Jfidd a considerable proportion of sug&r. To obtain it from the latter 
v^etaUe, the roots, softened in water, are to be sliced, and the juice 
npnased. It is then to be boiled down with the addition of a little 
Kne till about two-tliirds remain, and afterwards strained. These 
boilings aitd strainings are repeated alternatelr, till Uie ticiuid attains 
tbe Hinsistence of syrup, wlieu it is left to cool. The sugar thus ex- 
Incted, retain j somewhat of the taste of tiie root; but it may be puri- 
fied by the operation already described as used for the relining ol' 
West India sugar, aiid it then loses its peculiar flavour. The quanti- 
ty (Attained varies considerably; but in general it may be stated at 
Mtween four and five pounds from 100 pounds of the rout, beside a pro- 
pOction of unciystallizable syrup. In Germany, the espense has been 
calculated al about three pence per pound; but this estimate is pro- 
bity under-i-ated.* 

From tlie experiment H Proust,! it appears that a coarse sugar may 
be procured from grapes (of which many thousand tons are annually 




VEGETABLE SVaST.VNCES. 

ivaeted in Spain,) at tl>e nipenae uf about eight pence per pound ; or. ^ 
under favourable circumstances, even for five pence. In apples and 
puars, in the juice cf li((uoi'ice, and in soiue other vegetable juice«, ^ 
sugar exists, but ia a stat^ of combination, ' which prevents it from ^a 
assuming a crystallized form. 

The sugar of grapea has been analyzed bj Saussure, and found to<^ 
contain very neoi'ly the same proportions of ingredients as starcli.^ 
sugar, stated tyidcr the article /eeula.' These two kiads of 9uear-=!i 
agree, indeed, So closely as to their properties, that diey probaSlj~— ■ 
constitute one species. Sugar from the cane and fioni beet diiFer^^ 
from these, and from all other kinds of sugai', l)y containing a greate^E^ 
propnrtioa of carbon.t 

Sugar is produced also in the process of malting, which consisto ii^ 
the conversion of starch into sugar. 

The following are its chemical properties: 

1. Sugar is soluble in an equal weight of cold wnt«r, and almost Ut 
an unlimited amount in hot water. 'I'he latter solution aflbrds a liquid 
called syrup; from which, by long repose, t4^tisparent crystals of 
sugar separate, called candial sugar. Their form is that of primiK 
with four^r six sides, bevelled at each extremity, or sometimes acGU- 
minated by three planes. 

2. Alcohol dissolves, when heated, about one-fourtli its weight uf 
sugar. The solution, by keeping, deposits lai-ge crystals of sugar. 

3. Lime-water renders sugar more soluble; and, reciprocally, 
sugar increases the sulubilily of lime. Alkalies unite with it, and 
destroy its taste. It may be recovered, howevei', unchanged, by add- 
ing_ sulphuric acid, and pcecimlatiug the alkaline sulphate by alcohol, 
which retains the sugar in solution. It unites, also, with tlie alkalinA 
earths; and with baiytes so strongly, that it appears to underguj)^ 
kind of decomposition. 

4. Sugar has tlie property of rendering oils misciblii nith watS 

5. The sulphurets, hydro-sulpliurets, and phosphurets appear to| 
the property of converting sugar into a substance not unlike guts 

6. Sugar has the property of decomposing several of the meb 
salts, when boiled with their solutions. Sometimes it reduces the 
oxide to a metallic state, as in sulphate of copper. In other instanccsi 
as in the acetate of the same metal, it merely reduces the oxide to au 
inferior degree of oxidation.§ With oxide of lead, it forms on inso- 
luble compound, called by Berzelius sacckarate of leadM 

7- It is converted, by destructive distillation, into acetic acid, car- 
buretted hydi-ogen, and cai-bonic acid gas, and chai'coal. Accordii^ 
to Lavoisier, it is coiflposed of 64 oxygen, 38 caibon, and 8 hydrogeni 
Gay Lussac, Thenaid, and Berzelius, have analyzed it by combustim 
with hyper-oxymurJate of potash, and Dr. Prout by distillation with 
oxide of copper. They find it to consist of 



ivaiaq^H 
rtol^H 

me^lu I 



» 'rhorason's CbeniUtty, iv. 214 
5 Vugel in Thomaon's Annals, i 



f Thomson's Annul a. 



Cai-twin . 
OsjBien . 

Ilytlrogen 



43.47 
50.63 
6.90 



44.aoo 

49.015 

6.785 



39.99 
5.133 
6.06 



Or of carbon . . . 42.47 
Oxygen and hjdrQ-"] 

Wn, in the same I 53 

Proportion as in j 

100. 

It is remarkable that these are as nearly as possible the propor- ' 
tions of the ingredients of gum arabic. 

Besiile pure sugar, there are other saccharine substances, that bear 
S considerable resemblance to it Manna is (he inspissated juice 
which flows spontaneously from incisions in the bark of a species of 
ash (the frax-inus omiis). Sugar has been discovered, also, oy Foui^ 
croy and Vautiuelin, to enter largely into the nunposilion of the juice 
obtained by pressure from the union. Besides sugar, it appeal's, also, 
to contain a portion of mucilage and extract, to which its taste and 
atiier peculiar properties are owing. 

The snme may pei'haps be said of honey. When treated with 
nitric acid it was found, however, by Mr. Cruickshank, to give very 
little less oxalic acid, than was obtained from an equal weight of pure 
su^r. Proust has considered honey itself as of two distinct species. 
Common yellow honey is of an uniform consistence and viscid; but, 
besides this, there is a gr.'^aulnted white kind, which has a tendency 
to become solid. From the tatter he obtained by alcohol a white sac- 
charine powder, which he considers as agreeing more nearly witli the 
I Mr of the grape than v ■' 
Sugar is acidifled by distillation with nitric acid. To six ounces 
.of strong nitric acid, in a stoppered retort, to which a larEe receiver 
is Inted, add, by degrees, one ounce of lump-sugar, coarsely powder* 
eil. A Mntle heat may he applied during ike solution. Nitrous gas 
will be disengaged in great abundance. When the whole of the sugar 
is dissolved, distil off a part of the acid. The remaining liquor will 
form regular crystals [amounting to 38 parts from 100 of sugar,) which 
must be again dissolved in water and crystallised. Lay this second 
crop of crystals on blotting paper to dry. 



-Oxalic Jcid. 



I 



' Gay LusBuc. 



t Berztlius, 



VEGETABLE SUBBTANCES. 

Oxalic acid may fw procured, aUo, by a similar trcalment of 
and of various other vegetable, and even of some animal product 

The crystals of oxalic acid have the following characters; 

1. Tliey have a strong acid taste, and act powerfully on vege 
blue colours. 

3. They dis^lve in twice tlieir weight of cold, and in an e 
weight of hot water. They are soluble, also, in boiling alcoiiol, v 
takes up about half its weigitt; and, though sparingly, in ether. 

S. They effloresce in the air, and become covered witJi a i 
powder. 

4. A red heat entirely decomposes them,'and leaves only chai 
During distillation, a considerable quantity of inflammable gas i 
tained; and a portion of the acid is sublimed, unaltered, into the 
of tJie retort. The cyostitution of oxalic acid, has been investif 
with much skill and attention by Dr. Thomson.* The crysta 
their perfect state, he has proved to consist of 



too 

And from an elaborate ciaroination of the gases, obtained by des 
tive distillation, he concludes that 100 parts of real oxalic acid 

Oygen 64 

Carbon 52 

Hydrogen ....... 4 



I 



Oxalic acid has since been analyy.ed by Gay Lussac and Tlier 
and by Berzelius.j: The first mentione'd chemists decomposed 
late of lime of known composition by oxy-miiriate of potash, an 
taineU the following results; 

Carbon £6.366 ^ 

Oxygen ro.689 

Hydrogen 2.745 

100. 
Or the analysis may be thus stated: 

Carbon 26.566 

Oxygen and hydrogen in the same ? -^ „„„ 

proportions as in water .... $ ' 
Excess of oxygen 50.562 

100. 
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Berzelius, some time ago, ascertained that of the water, which en-^ 
ter8 into ciystallized oxalic acid, only 28 per cent can be driven off 
by heat, Imt that a fardier quantity may be detached, by uniting the 
tcid with oxide of lead. Taking the latter portion into account the 
ciystals consist of 58 acid and 42 water; and the real acid is thus 
constituted, according to his experiments: 

Oxygen . • . • 66.21 1 . . . = 6 atoms. 
Carbon .... 33.021 . . . = 4 atoms. 
Hydrogen . . . 0.728 . . . = 1 atom. 

Oxalate of potash forms flat rhomboidal crystals, terminated by 
dihedral summits. Its taste id cooling and bitter. At 60^ Fahren- 
heit, it requires three times its weight of water for solution. There 
is, also, a salt formed of the same base and acid, but with a considera- 
ble excess of the latter, called super-oxalate or binoxalate of 
POTASH. It forms beautiful four-sided prisms. The acid, which it 
contains, is double that in the oxalate; or if we suppose 100 parts of 
potash, and denote the quantity necessary to convert it into oxalate, 
by ar, then 2 x will convert it into super-oxalate. 

According to Berzelius 100 parts of potash are united, in the oxa- 

la.te, with 97.3 parts of oxalic acid, and in the binoxalate, with 192.4. 

Exclusively of water, which, in the crystals of the oxalate, amounts 

to 17.31 per cent, they are composed as follows: 





Acid. 


Base. 


Oxalate of potash . . 


. 49.32 . , 


. . 50.68 


Binoxalate of ditto 


. 65.80 . . 


. . 34.20 



QuADROXALATE OF POTASH may be composed in several methods.* 
^ was formed by Dr. Wollaston, by digesting the super-oxalate in 
x^itric or muriatic acid. The alkali is divided into two parts, one ot 
'^'vluch unites with the mineral acid; and the other half remains, in 
^Ahnbination with the oxalic acid. Hence the quadroxalate contains 
Asur times the acid that exists in the neutral oxalate, and twice as 
vxiuchacid as the super-oxalate; or its acid may be denoted by 4 or. 

Berzelius determmed that, in this salt, 100 parts of potash are 
combined with 380 parts of oxalic acid, or it consists of 

Potash 18.95 

Acid 72.05 

Water 9. 



100. 



Salt of sorrel was found by Berard to be a true quadroxalate of 
PotasK. 

* See Berard, 73 Ann. de Chim. 271. 
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OxALATi; OF SDUA readily crjstalliies, antl lias a taste nearly re- 
gembUng that oro:(alale ofjmtish. When lieated, it falls to powder, 
and loses the whule of its water of crystallization. Soda forms, abo^ 
with oxalic acid, a binoxalott, but no quadroxalate. In the oxalate, 
100 parts of soda are combined with 143^ parts of acid; in tliebinod 
alate with 384.7, according to the analysis of Beirelius. 

Oxalate of ammonia crystallizes in long traDsnarant prisma 
rhomboidal, and terminated by diliedral summits, wiiich, accordine 4: 
Berard, contain 13 per cent, of water. Its taste ia bitter and unpKa 
aant. At the temperature of 60°, 1000 {trains of water dissolve oa.1 
45 grains of the salt. The solution is of great use as a re-agent ; f^ 
it precipitates lime from all its soluble combi nations, and discoTer^ 
even wnen in very minute quantities, 

In oxalate of ammonia, 100 parts of real alkali arc united with £C 
parts of acid. A supeiMixalate or binoxalate of aniinonm, also, exi»ti 
which is less soluble in water than the oxalate. In this, 100 parts n 
base are united with 533 of acid. 

Oxalate of limb is an extremely insoluble salt It may be fm-n- 
ed, either by dropping oitalic acid into lime-water, or bv niingling'tAe 
solutions Ota salt witTi base of lime and of any of the soluble oxalatej. 
When very slowly dried at the temperature of about 60° Pahrenheiff. 
it is tolerably uniform as to its composition; and consists, accc *" ' 
to Dr. Thomson, of 






S9.2 



Water 5.3 

100. 



accoi^ttl 
ps,4^l 



When rapidly dried, it is apt to concrete into liard lum 
-contain not less than 10 per cent, of water. It is soluble in nitric « 
muriatic acid; and hence, in iha use of oxalate of ammonia or oxsllc 
acid as a precipitant, it is necessary Brst to neutralize any extjan 
of acid. "^ 

Oxalates ok darites ahd sraosTrrBs are white tasteless polir- 
dcrs of very sparing solubilily; but these eartlis, with an excess of 
acid, form more soluble super-osalales. 

One hundi-ed parts of strontites take 83.6£ of oxalic acid for 9h6i- 
ration. No super-oxalate exists with this base. The oxalate •( 
faarytes is more soluble than the stiontitic salt. It consists of lOT 
parts of base, united witli 60.84 acid. A euper-oxalate may be foI■^- 
ed, by heating muriate of barytes witli oxalic acid. This salt, which 
shoots into crystals, has its elements so feebly combined, that it ift 
decomposed by mere solution in water. It is constituted of 100 parts- 
of base and 133 of oxalic acid. 

Oxalate of jucnesia is a soft wliite powder, bearing a consiOer- 
able resemblance to oxalate of lime. It is tasteless, and not sensibtv' 
soluble in water. Yet when oxalate of ammonia is mixed with sui- 
. ate of magnesia, no precipitate falls. It is composed of 100 parte 
of base and 265 of acid. 
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According to Dr. Thomson, 100 parts of oxalic 
ibllowing quantities of the several bases 



acid saturate the 



Ammonia 
Magnesia 
Soda . . 
Lime . . 
Potash 
Strontian 
Barjtes . 



34.12 
35.71 
57.14 
60. 

122.86 
151.51 
142.86 



And the composition of the diflerent oxalates is shown by the foU 
towing Table: 



One Inmdred parts of 

/ ^ \ 

Qnlate of ammonia 

-— — - mapiesia 

-^— — soda . . 

-^— — lime . . 

— — — potash . 

■ strontian 

— — — barytes . 

-^— — lead . . 



Consist 
per Thomson of 



Con^st 
per Berard 

A^ 



of 



Acid. Base. 
74.45 . . 25.55 
73.68 . . 26.32 
63.63 . . S6^7 
62.50 . . 37.50 
44.87 . . 55.13 
39.77 . . 60.23 
41.16 . . 58.84 
25.20 . . 74.80 
24.54 . . 75.46t 



Acid. 
*62.34 . . 
72.65 . . 
58.92 . . 
62.00 . . 
49.32 . . 
45.54 . . 
37.83 . . 



Base. 

27.66 

27.35 

41.08 

38.00 

50.68 

54.46 

62.17 



The above table is to be understood as applicable to the salts in 
their state of ordinary dryness. With the exception indeed of oxalate 
of potash, and perhaps of soda. Dr. Thomson is of opinion that, when 
bIowI J and carefully dried, the proportion of water is so small, that 
it niay be overlooked. 



SECTION V. 

jyiative Vegetable Acids, 



Native vegetable acids are such as are found, ready formed, in 

pressure, and other simple pro- 
owing are the principal ones 



plants or their fruits, and require only pressure, and other simple pro- 
cesses, for their extraction. The foliowi 



hitherto discovered: 

1. Citric. 

2. Gallic. 

3. Malic 

4. SorlHc. 

5. Tartaric. 



-V 



6. Oxalic. 

7. Benzoic. 

8. Acetic. 

9. Prussic. 
10. Phosphoric. 



. * Tliis number should probably be 72.34; for, as it stands in the Table, tlie 
acid and base do not make up 100. 
•^ Beneliusy 94 Ann. de Cnim. 180. 



VESKTABLK SimSTA^CES. 



Ari: I.— Citric ^cid. 



Citric add eiists in the expreascil juice of the lime { 
along witK a quantitj' of extractive matter and mucilage, and witb 
variable proportions of malic and aumetimes of acetic acid. Tli^^ 
process, for obtaining it in a separate state, we owe to tlie ingenuit]^| 

of Scheele. To the expressed juice of the lime or lemon, contwaet ; 

ID a vessel of earthen ware, or white wooti, add, very gradually, &nel^j| 
powdered carbonate of lime (chalk or ivhitiog,] and stir the mistUM^ 
well after each addition. An ett'ervescence will ensue; and as Ictn^^ 
as this arises, on adding fresh portions of chalk, more chalk will !>■« 
required. The exact proportion it is impossible to assign, on account 
of the variable strength of the acid juice. In general, from six t^ i 
eight ounces of chalk are suRiLient to saturate a tvine-a;allan of lim^ | 
juice. When it ceases to excite effervescence, and the liquor has lint I 
its sour taste, allow the mixture to settle; decant the liquid, atid Bd4 ' 
a quantity of water. Let the powder subside; the liquor be a^Qi 
decanted, and thrown away; and these operations repeated, till t& 
water comes 08' nearly colourless. The insoluble precipitate can^tS 
of citric acid, united with lime; add to it a quantity of sulphuric «CH)r 
of the density \.S3 or thereabouts, eijual to the weight of the chalk 
which has been employed, and previously diluted with 10 parts <h 
water. — Let the acid and precipitate i-cmain together 34 hoursi 
during which time they must be frequently stirred with a wooden 
^atufa. Then let the white sediment, which consists of sulphate of 
lime, subside; decant the clear liquor; add more water till it comes 
off tasteless; and mix ail tJie liquors together. The solutioDi con- 
taining citric and sulphuric acids, and some mucilage, is to be evap^ 
rated first in a leaden boiler, and afterwards in shallow earthen diahu. 
placed in a sand-heat. Reduce the liquor to about one-fourth of it* 
bulk by evaporation; separate the sulphate of lime, which will be 
deposited, and a^aln waste the liquor, by a heat not above 313°. ta ' 
the consistence 01 syrup. Brown crystals will form on cooling, whicil I 
must be set to drain; and the i-emaining liquor, when again ev^o- 1 
rated repeatedly, will continue to yield fresh crystals, To punfy 
these, let tiipm be dissolved in water; and the solution be amin cybp 
porated. After the second crystallization, their colour will be tm^ 
proved; but It will require three or four crystallizations to obtun 
them perfectly white and well formed. In this state, they are the pure 
citric acid. 

The proportions, wliich I have recommended for the preparation of 
citric acid, difliir a IlLlIe frum those, which have been deduced by 
Froust from his experiments. Four ounces of chalk saturated, he 
found, 94 ounces of lemon Juice; the citrate of lime weighed seven 
ounces four drachms. Bat the four ounces of chalk, or 5^ dracbms, 
contuned only \7i drachma of lime; and, from the analysis of citrate I 
of lime, it appeara to contain 70 parts of citric acid in 100. Hence ' 
" von ounces four dracliiiis contaitied 41j drachpis of citric acid. 



uoT. ▼» omio AoiD. 157 

Bat ta expel the carbonic acid completely from four ounces of chalk* 

ive ounces of sulphuric acid of commerce were found necessary, lliis 

proportion, thereiore, be employed in decomposing tlie citrate of lime« 

Six ounces of the citrate, by two crystallizations, ^vc 3 j ounces, or 

^ drachms, of pretty large crystals; from whence it follows that the 

Vfaole 7^ ounces would have given 4 ounces S drachms of citric acid.* 

The preparation of solid citric acid on the lam scale of manufac- 
tore requires an attention to a number of minute circumstances, which 
are stated at length by Mr. Parkes in the 3d volume of his Chemical 
Essays, or in the 46th volume of the Philosophical Magazine. 

The citric acid, which is made for sale, is gencrall v prepared from ' 
lime^uice. The quantity of solid citric acid, m a gallon of this juicep 
varies considerably. I have found it as hi^i as twelve avoirdup<iis 
onnces; but about six or eight ounces to the wine gallon is a fair 
general average. The only method of ascertaining its propfirtlon 
consists in adding, to a quantity of the juice, solution of pure potash 
till saturation is produced. Liquid potash, of a fit strenj^i for tiiis 
porpose, may be prepared by boiling two pounds of American |>otash 
witb one pound of quicklime, previously slaked to a thin |)aste, and 
a gallon of water, in an iron pot, during half an hour. Hie solution 
may be strained through calico, and reser\'ed for use in well sUipued 
bottles. When employed as a test, one measure may be added to 
three measures of water; and it is proper to ascertain, by experiment; 
how much of this solution is requisite to saturate an avoirdupuis ounce 
of white crystals of citric acid. It will then be easy, by saturating 
with the same alkaline liquor, an aJic|uot part of a wine ;^loh of any 
■ample of lime or lemon juice (jud^nng of tlie'pf/mt of saturation by 
teat papers) to calculate what quantity of solid acid is contsined in a 
nllon of the juice under examination. Tliis, of course, impli^ tiiat 
one juice is not contaminated with any otiier acid. 

Pare citric acid forms beantiful tran%parent crystals, consisting of 
two four-sided pyramids joined base to base, or sometimes of Hmhu- 
Imdal prisms. An ounce of distilled water, at Cff" Fafareoheit, di»> 
flolves an ounce and a aoarter of tiiese crystals or at die bf/iling t^sm- 
peratare twice its weignt. The crystals Jo not attf-v;t moisture from 
the atmosphere. They contain per cent, aciordiug w benu;lius, 

B«al acid T'j 

Water 21 

100 

Only a small pan of tijis water, viz. about T fier cent., caxi be drir^u 
rby a degree of heat, just tielow wiiat is sufiic'ieut to deoowpow; tb« 
, id.* The real propordos of water caL only be detenuioicjd* by uxutiag 
the add vitzj some basis, ozide of lead for 'example. 

Citric acid is decomposed at a »igL t»;Bjpi(;rature, ai«d yieUls |jnk 
icts. wluch are amstitatbd of carUab, tydrog^^ ajud oxygeti in vn^ 

« Fiiikc. Mafuizit, x. 



cert&in proportions. A better method of eBecting its analysis it 
practised by Gay Luasac and Thenard, viz. combustiou with hyi 
oxymuriate of potash. By tliis process, they determined it to o 
sist of 

Carbon 33.811 

Oxygen 59.859 

Hydrogen 6^30 



Berzelius obtaiDed results, diife ring considerably from these; < 
he believes, to tlie want of due allowance, by Gay Lussac and The- 
nard, for the quantity of water of cryatalliitation. His propurb' 
are 

Carbon 41.369 

Oxygen 54.831 

Hydrogen 3.800 



When treated with about tliree times its vraight of nitiic aciil.T 
citric acid is converted partly into the oxalic, of which it gives lii_. 
its weight. As the proportion of nitric acid is increased, that of lihe 
oxalic IS diminished, till at length it disappears altogedier, and ace^ 
acid appears to be foriped. 

Citric acid readily unites with alkalies, earths, and metallic oxid^ 

Citrate of potash. — According bo Vaufjuelin, 36 parts of crystaJ- 
fized citric acid, dissolved in water, require for saturation 61 of'^crys- 
tallizedbi-carbonate of potash: and the result is an extremely soluble 
and even deliquescent salt, composed of 5SJ acid and 44} alKati. 

CiTtt*TB o¥ SODA is & VBfy soluble salt. Thirty-six parts of citric 
acid neutralize 42 of dry sub-carbonate of soda; and hence 100 parts 
of the citrate consist of 60.7 acid and 39^ base. 

Citrate or ammonia. — The same quantity of citric acid saturates 
44 parts of sub-carbonate of ammonia; and aRiirds a soluble and dif- 
flcuilly crystal lizable salt, composed, in 100 parts, of 6'2 acid and 38 
base. 

Citrate of barttes consists of equal weights of acid and bue. 
It is an insoluble salt of little importance. 

Citrate of magsesia. — Thirty-sis parts of crystallized acid neu- 
tralize 40 parts of sub-carbonate of magnesia. Hence 100 parts of 
the salt contain 33.34 base and 66.66 acid. The salt is soluble, but 
not crystal tizable. 

Citrate of Li.MB.-^rystallized citric acid, dissolved in water, re- 
quires an equal weight of chalk for saturation. The compound, when 
neutral, is instduble; but with an excess of acid it becomes readily 
soluble. It was found by Gay Lussac and Thenard tfl consist of 

• Ann, dc Chim, iciv. 172. 



lUO. 



s have been but little examined. The corn- 
tends of this acid willi the oxides of iron are of the most impor- 
'wbces from tlic use which is made of it as a discharger in calico- 
JKiDting. Citrute of lead has been analyzed by Derzoliiis, aud found 
Ip consist of 



Acid 

Protoxide of lead . 



The acid exists in the gall-nut, along with tan and other substances. 
*'*i Sir H, Davj'B experiments, "MXlgrains of a saturated infusion of 
fevlls, gave, by evaporation, 53 of solid mailer, composed of wne- 
^^^nths tan and one-tenth gallic acid. The acid may be obtained by 
^^Txposingau infusion of galls in water to the air. A mouldy pellicle 
'*'^ll form on the surface of the infusion; and, after some months' es- 
J^osure, small yellow crystals will appear on the inside of the vessel, 
^^"faese crystals contain both tan and gallic acid.* I'o purify thenr, 
~^iey must be dissolved in alcohol, and the solution cautiously evapo- 
«^ated to dryness. 

Gallic acid may also be procured by sublimation. Pounded galls 
. ^ve to be put into a. retort, and heat applied. The gallic acid wilt 
r~»i8e, and be condensed iiitlie neck of the retort in a solid form.- This 
process is recommended by Deyeux as preferable to any other. 

Tlie ^llic acid may be separated from the infusion of galls, by 
adding muriate of tin bll the pi-ccipitate ceaaee to appear. This pre- 
cipitate may be reserved for the experiments detailed under the ar- 
ticle Tan. From the remaining solution the supcrabundaQt oxide of 
till must be precipitated by sulphuretted hydrogen gaa, and the cleai- 
ii<]iior, on evapoi'ation,yields crystals of gallic acid. 

From one ounce of galls, according to Haussman, about three 
drachms of gallic acid may be obtainciT. 

In Nicholson's 8vo. Journal, vol. i. page 236, a very simple process 
for obtaining gallic acid is proposed by M. Fiedler. Boil an ounce uf 
powderd^galts, in sixteen ounces of water down to eight, and strain 
the decoWion. Precipitate also two ounces of alum, dissolved in water, 
with a sufficient quantity of carbonate of potash, and, after having 
washed the precipitate extremely well, add it to the decoction, and 
digest the mixture for 24 hours, shaking fre([uently. The alumine com- 

• Berrelius, 94 Ann de Ciiim. oO:: 
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bines with, and carries down, both tlio tan and extract; and tbe fil- 
tered solution yields, by gentle evaporation, ciyatals of gallic acid. 

By none of the§e processes, liowever, can mllic acid be obttuned 
perfectly pure; for it stilt, according to Sir H. Davy, is contaminated 
with a small portion of cslract. — To purify it, Deyeus advises its 
gablimatioD. Over a glass capsule, containing the impure acid, and 
placed in a sand 'heat, another capsule is to be inverted, and kept 
cool. — On the impression of the neat, the acid mes into the umM' 
one, in the form of white needle-shaned crystals. 

The pure acid lias the foJlowinc characters: 

1, lis crystals luve the form ot trans para nt plates or octohedrons. 
They have an acid anil somewhat astringent taste, 

S. Gallic acid burns with flame, when placed oa a red-hot iron, 
^Dll emits an aromatic smell. 

3. It is soluble in 24 partsof cold, or three of boiling water. Alco- 
hol, when cold, dissolves on«-fourth, or an equal weight when heated, 

4. The solution reddens blue vegetable coluurs; but Berzelius de- 
nies its action on the colour of turnsole. It etTervescca with alkaline 
carbonates, but not with earthy ones. 

5. Nitric acid converts the gallic into oxalic acid. 

6. It unites with alkaline solutions without producing any deposit: 
but from watery solutions of lime, barytes, and strontites, it Mca- 
wins a bluish precipitate. Of tlie combinations of earths with acLda, it 
decomposes those only with base of glucine, yttria, and zircon. 

7. It precipitates mostmctais from their solutions; gold,silver,aiMl 
copper, of a brown colour; lead, white; mercury, orange; bismiitli, 
yellow; and iron, deep black. The pracipitate from solutjons of irai 
IS soluble in an excess of acid. It forms the basis of ink, which, au- 
cording to Deyeux, consists of cai-buretted oxide of iron, and gaOate 
of iron. 

8. By a moderate heat, it is sublimed witliout alteration, btita 
efrong heat decomposes it; and aeriform products are fonned, whicb 
show it to consist of hydrogen, oxygen, and carbon, in proportions 
not yet exactly determined. 

A full and valuable history of the gallic acid, and the process for 
obtaining it, by Bouillon la Grange, may be consulted iu Nicholson^ 
Journal, xvii. 58.* Tliis chemist has, however, expressed a doubt of 
the claim of the gallic ucid to be considered as a distinct acid, and 
suspects that it is only a modification of the acetic. Its properties, 
he remarks, diSer according to the method iu which it has been pre- 
pared .t 

■ Thepe»derwillfind,atso,muchimportaiitmMleriin thisaubjectin. 
Aikin'a Dictionary of Chemistry, article Gall Nut, and in Dr. BostoA'a 
■n Nicllalson'a Journal, kyiv. ^ 



Art. 3. — Malic 3eid. 

_, . tiifl acid exists in the juice of apples, gooseberries, and of some 
otiier fruits, and is found mixed witli tiie citric, and occasionnllj' with 
other acids. It may be obtained by evaporating tlie juice nearly to 
dryness, and tben adding; alcohol, which dissolves the acids, and loaves 
the mucila^. To this solution of citric and malic acids in alcohol, 
chalk is t(t l>e added to saturation, and ihe precipitate to be washed 
with boilina; water, which takes up the malate of lime, and leaves the 
citrate, l^e solution of the malate of lime may then be decomposed 
by sulphuric acid. 

Or the juice of the apples may he saturated with carlionate of pot- 
ash, and mixed with a solution of acetate of lead, till the precipitate 
ceases. This precipitate is to be washed with water, and dilute sul- 
phuric acid is to be added, till the liquor acquires an acid taste, un- 
mixed with any sweetness. The liquor is to be filtered, to separate 
the sulphate of lead, and evaporated. It yields no crystals, but a thick 
liquor of a cherry-red colour. A strong objection to this process is 
that the juice of apples contains not only malic but sorbic acid, which 
klso gives with lead an insoluble salt. 

Vauciielin has shown that Uie malic acid may be obtained advon- 
llgeously from the juice of house-leek {utmpfrvimim teetorum) by 
adding acetate or nitrale of lead, and decomposing the insoluble 
malate with sulphuric acid, added in slight i^xcess. To remove the 
redundant sulphuric acid, Gay Luasac boils the liquor with a small 
qaautily of lithai^, and throws down tlie oxide of lead by a current 
of sulphuretted hydrogen. He then evaporates to iJie consistence of, 
sjTup, and adds alcohol, which separates the malic acid from a portion 
csTf malate of lime. I'he alcohol is then distilled at a gentle heat, and 
'^Ae residue dissolved in water. It is formed, also, by the action of 
Vkitric acid on sugar. Equal weights of the two are to be distilled 
'VsDgether, till t)ie mixture assumes a brown colour. The osalic acid 
'Knay be separated by adding lime-water; after which, the remaining 
liquor is to be satui'ated witii lime and filtered. On the addition of 
^^Icohol, a coagulum of malate of lime is formed, which may be dis- 
solved in water, and decomposed, as before directed, by acetate of 
Cead; and afterwards by sulpliiiric acid. This process Mr. Donovan 
Codg to he extremely oncerlain and costly. 

The malic acid is liquid, and incapable of being crystallized,* for, 
^en evaporated, it becomes thick and viscid, like syrup. It is scarce- 
ly possible to obtain it free from colour. It is very soluble in water. 
■By keeping, it undergoes a kind of decomposition. Nitric acid con- 
Verts it into oxalic acid. It unites with alkalies and earths. With 
line it forms a salt which is almost insoluble in cold water, but readily 

. ._ ._, ...iseciuence of tJiis I 

easily separated from the 

perfectly pure. Gay Lussac has shown that it does not decompose 

eitlier nitrate of silver or nitrate of lead.* 
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Art. 4. — Qn the Sorbic ticid. 

This acid was discovered by Mr. Donovan in the juice expressed 
from tlie berries of the sorbus aucuparia, or service-tree ;* and its 
claim to be considered as a distinct acid has been established, not 
oaIj by his experiments, but by the subsequent examinations of Vau- 
quelin and Braconnot.t It had escaped the sag;acity of Scheele, who 
had overlooked its existence no^only in the juice of the sorbus, bat 
in that of apples, of which it forms the principal ingredient; and Bra- 
connot has found it, also, in the juice of unripe grapes. 

The fruit of the morbus, collected about the month of October a little 
before it is perfectly ripe, is to be bruised in a porcelain or marble 
mortar, and submitted to a strong pressure. Vauquelin recommendi 
that the juice, thus obtained, should be allowed to remain 1£ or 15 
days in a moderately warm place. By the fermentation, which it 
thus undei^es, a quantity of viscid matter is deposited, which may 
be separated by filtration. The clear liquor may be mixed with a 
solution of acetate of lead, which affords a copious precipitate. This 
is to be washed on a filter, first with a large quantity oi cold water, 
to free it from colouring matter; and next with repeated quantities 
of boiling water, the hot washings only being reserved in a series of 
glass jars. After some hours, they become opaque, and deposit crys- 
tals of singular lustre and beauty, resemblinii; |)enzoic acid. Those, 
which have been formed in the colourless wasliings, are to be collected 
on a filter, dried in the air, and preser\'ed for a subsequent process. 

The original mass, remaining on the filter, is next to be boiled for 
half an hour with a slight excess of diluted sulphuric acid; and when 
cold is to be fikered. The clear liquor is to be mixed, a second time, 
with acetate of lead; the precipitate washed as before with boiling 
water; and the crystals selected from tlie colourless washings only. 
The remaining mass is again to undergo the action of sulphuric acid 
as before. 

The crystals, thus collected, are to be boiled for half an hour with 
2.3 their weight of sulphuric acid of the specific gravity of 1090, sop- 
plying water as it evaporates, and taking care to keep the materials 
suspended, by stirring constantly with a glass rod. The clear liquor is to 
be filtered off, and poured into a tall and narrow ^lass jar. Wnile still 
hot, sulphuretted hydrogen gas is to be passed Sirough it, till all the 
lead has been precipitated. The fluid is then to be filtered, and boil- 
ed in an open vessel, until the vapour ceases to blacken paper, OB 
which characters have been traced with acetate of lead. 

The acid liquor thus obtained, when eva[)orated to a syrup, shoots 
on cooling into mamillary crystals, which have a very sour taste, and 
deliquiate in a moist atmosphere. 

Braconnot prefers obtaining the acid by the intermediation of Ume 
rather than of oxide of lead, by which process he procures a larger prth 
portion of acid.J In the juice of the sorbus, he finds that the peculiar 
acid is not pure, but mixed witli malic acid. 

* PhU. Trans. 1815. f Ann. dc Chim. et Phvs. vi. 

; Ann. de Chim. et Phys. vi. 241 . 
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^^HEbe sorbic add, when submitted to dUtiliatioD, melts ami yielila 
I^Hl vapoors, aod finally sublimes in white needle-shapeii crystxlB, 
^^mch are intensuly sour, and are the acid somewliat altered. 
r The watery solution of sorbic ai^id does not precipitate lime-water 
f •*■ barytes-water. From acetate of lead it throws down a white floe- 
Cttlent precipitate, which, on standing, assumes a crystalline f(»ii>. 

I' Thia is one of its imtsl distinctive characters. 
It agrees, to a certain extent, with the tartaric aciil informine salts, 
whkh became less soluble by increaaitia; their proportion of acid. 
, Btit the capacity of saturalioQ is irreater in the tartaric acid, which 
saturates a qnantity of base containing 11.94 of oxygen, while the 
sorbic saturates a quantity ei]uira[ent only toll. 

Thesorbates have been examined by Kli'. Donovan, and more fully 
I "bYBraconnot, whose memoir contains a detailed account of tl>eir pro- 

iperties and composition. 
Tlie sorbic acid has been analyzed by Vau-^uclin, by combustion 
withoiide of copper, and its composition is stated to be 
Hydrogen lfi.8 



Art. 5. — Tartaric Jltid, and its Combinations. 



^^|Dtw tartaric acid is geuerally obtained from the supertartrale of pot- 
^^|p [common cream of tartar) by the fullowing process: 

Let 100 parts of finely powdered cream of tartar be intimately 
Vaiiced with about SO parts (if pulverized chalk. This is best done 
%iy grinding them together in a mortar, and passing the mixture through 
a sieve. Let the mixture be thrown, by spoonful, into eight or ten 
"times its weight of boiling water; waiting for the cessation of the vio- 
lent effervescence, which is produced by each addition, before any 
more is thrown in. This metliod I iiild prefei-able to the entire solu- 
tion of thi? cream of tartar in the first instance, which requires a very 
large (quantity of water. If it should appear, frisu the effect of the 
ttquor on litmus paper, tliat the chalk has not been added in suflicient 
fjoantity, more may be gi-adually used, till tlie colour of the litmus is 
DO longer reddened. 

By Uiis operation, a quantity of ins.iluble tarirate of lime will be 
formed, which is to be allowettto subside, and washed, three or four 
times, witli cold water. To the tartrate of lime, diffused thj'ough a 
Mfficient quantity of water, concentrated sulphuiic acid may be add- 
ed, equal in w^glitto the chalk which has bi'en emplo^^. The mix- 
tore may be allowed to stand for £4 hours, during which it sliouUl be 
frequently agitated. Assay a little of the clear liquor, by pouring, 
into it some solution of acetate of lead. A copious precipitate wdl be 
formed, which may either consist of tartrate of lead, or of a mixture 
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of tartrate with sulpliate of lead. To determine this, add diluted 
nitric acid, which diesulves the tartmte, but not the sulphate. A smd 
proportion of the latter is desirable, because the tartrate of lime cilh 
not be wholly decomposed without an excess of sulphuric acid; bati 
large excess of tliatacid is injurious, from its re-acting on the t>Ht* 
ric acid, when heat is applied in the subsequent part of the proceM. 
The deficiency of sulphuric acid should be supplied by adding more; 
Or a great j-edundance of it removed by the addition of a little chslk 
The evaporation of the solution nay now be carried on, in a matiur 
precisely similar to that directed for the citric acid; and the cryat^ 
purified by a second solution and evaporalion. 

The lit[uor rernainin>; after the addition of chalk, consists of the 
neutral tartrate of potash. U may be decomposed by adding muriate 
of lime, till no farther precipitation eusues. An insoluble tartrate itf 
lime falls down, which may be decomposed by sulphuric acid, in th« 
way already directed. Or "the tartrate of potash may be evaporated 
to dryness, and reserved for other purposes. If the tartrate of Una 
be formed by the first operation onfy, the product of cryalal!iz.ed ntH 
amounts to between one-fourth and one-fifth the weight of tlic cream of 
tartar. But the decomposition by muriate of lime doubles the t^uSIi- 
tity of acid produced. 

Quicklime has been recommended as a substitute for chalk in thil 
process; but I have never fouod that it could be employed with iny 
advantage; for a quantity of caustic potash is set at liberty by Itt 
action, which dissolves the tartrate of lime, and prevents it frum pifr 
cipitating. When cKalk is employed for saturation, that part of the 
acid only is neutralized, which constitutes the sjiper-salt; but with 
quicklime the operation is carried still fartlier, and the neutral fa» 
trate, also, abandons its acid. 

The tartaric acid forms regular crystals, tlie shape of which vaiili 
considerably according to the circumstances of their preparatinb 
They require for solution five or sis parts of water at 60° Fahrenhriti 
but are much more soluble in boiling water. The solution, like ^ 
of most other vegetaiUe acids, acquires a mouldy pellicle by keejon^ 
llie crystals were found by Derzelios to consist of 



Real acid 

Water . 



100. 

Bergman exposed tartaric acid to distillation witJi nitric acid, it 
tlie manner of obtaining oxalic acid, but without beini; able to pi» 
dace the latter acid. Hermbstadt, however, by using a very conMt 
trated nitric acid, succeeded in converting the tartaric into the oxafit 
aciil, and from six drachms of the former obtained four drachms ud 
two scruples of the latter. Westrumb, also, was successful in ft* 
same attempt, and adds that the tartaric acid may be changed ildl 
the acetic by digestion with water and alcohol. 

When distilled alone in a stronc heat, tlie tartaric acid is decMft- 
posed) it yield^i a quantity of dark-coloured acid liquor, which bu 
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^^BoneouHly been supposed 
^^PMbustibfe gas is obtained. 
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be acetic acid; and a tar^ quantitj of 



'roRi the esperiinents af Fourcroj and Vauquelin, it appears that^ 
'At pyro-tartflric acid is a peculiar speciee. From the acetic, itdiSsA' 
in bein^ less volatile and less odorous; in being crystalUzsble by c ~ 
poration; and in affording, with potash, aealtwhich precipitates m 
tate of lead. It is distinsuished from the tartaric acid, in not 
atoning any precipitate from the acetates of lime, of barytes, 
leadi and in nut fonnins;, with potash, an insoluble salt when tht 
Uineicess. — Influenced bythe resultsoftheseesperiinents, thes! . 
imists submitted the pyro-mucous and pyro-li^Tious acids to a fresh 
rigid esamination, which terminated in the conviction fhat they 
I consist of acetic acid, holding in combination a quantity of em- 
'Kamatic oil.* 

Tiirtaric acid has been analyzed by Gay Luasac andThenard, and 
' Berzelius; and their results are contained in the following Table, 
le hundred parts consist, 

Carbon, Ox;'g^n. Hydro^n. 

:cording to Gay Lussac, of . 34.050 . . 69.321 . . 6.639 
Beizelius, of . . 55.98 . . 60.28 . . 3.74 

LThe disagreement of tliese results arises, probably, from the 
n of part of the water of crystallization in the estimate of tlie ti 
itwentioned chemists. 
T&rtaric acid unites with alkaline and earthy bases, and afibrdi, 

fatinct class uf salts called tartrates. 

I TAR'rn.^.Te of potash may be obtained by adding sub-carbonate of 
ash either to cream of tartar, or to the solution of the crystallized 

pd, till all effervL'scence ceases. According to Von Pucken ISO 
WD8 of sub-carbonate rcnuire for saturation 112 of pure tartaric 
Mr. R. Phillips finds tnat 100 parts ofcream of tartar require for 
Mtralization 45^ of sub-carbonate of potash. The resulting salt is 
BT J soluble, and even deliquescent. It is composed, according to 

Krzelius, of 



1 



mo. 



100. 



I SvPKR-TARTllATE, OR BI-TAHTllATli OV POTASH. If itttO a SOlul 

If the neutral tartrate, we pour a solution of tartaric acid, a whi 

ftowder falls down in great abundance, which is a compound of the 
4ieutrnl salt, and an additional quantity of acid. This is an example 
of the diminution of solubility, by an increased proportion of the acid 
ingredient of a salt. Tlie tartaric acid, in tliis prapbrtion, has even 

^0 strong an affinity for potash, that it separates this alkali from the 
piineral acids. Thus by adding tartaric acid to the muriate of pot- 
Uh, we obtain a precipitate of bi-tartratc of potash. 

' Annales lie Cbimie, liiv. 43 ; or Nicholson's Journal, isvl. 44, 
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The aubstaoce, which is kna^vn in commerce under the i 
tartar, U An impure variety of tit is salt. When purified, it i 
white crystals, the form of which hits been described by Dr. 
Ion.* These crystals, by being reduced into powder, becom 
erf am of tartar of the shops. 

Bi^tartrate of potash requires for lis solution a very lar^ q 
«f water, not less thaa 120 parte of wafer at 60" Fahrenheit, o 
iM". Hence its solution depAsiti the suit on cooling in such qoa 
ty as amounts almost In precipitation. 

Bi-tartcate of potash, it is observed by Gay Lussact, acta, in ■ _ 
eases, like asimple acid, and even dissolves oxides that are insoIvBl- 
in the mineral acids and in the tartaric acid. He proposes its uAi. 
therefore, in mineral analyses. 

Prom the experimeutb of Ber/£lius, iU composition may be stAtad^it] 

Acid 70.45 100. ^^H 

Potash 24.80 35.2 ^^H 

Water ^^H 

This small portion of water appears to be essential to the salt^^^^^ 
it cannot be separated by heaf, witliout decomposing the acid. WKw 
100 grains of the salt are incinerated, so as to destroy the acid, tlie 
alkaR obtained is exactly suBiciclit to neutralize 100 grains of thajb 
tartrate; a proof that t1ie potash in the acidulous salt is c '~' 
with twice as much acid, as in the neutral compound. 

By the destructive distillation of bi-tailrate of potash. Fob 
and Vauquetin obtained, eselusively of acid arid cliarcoal.J; of 

/ Pure dry sub.carbonate of potash . . . 330, 

Tartrate of liiue 6. 

Silex 1.2 

Alumine 0.95 

Iron and manganese 0.75 

Tabtbate of potash and soda may be formed by neutrallziqj 
parts of cream of tartar with 18 parts of sub-carbonate of soda. 
resullJnc salt is well known, from iti bein^ employed in medic1n&:=^ 
nnder tne name of RackelU Salt It requires, for solution, aboQt^ 
five parts uf cold water, but macli less at the boiling temperatarew 
Front the experiments of Vauquelin it appears to be composed of 54 
parts of tartrate of potash, and 46 parts of tartrate of soda. ^ 

The EA.HTRT I'ABTKATBs have no particularly interesting propertjea. 
With the_exception of those of ma^esia and alumine, they are inso- 
luble. Tartrate of lime consists orr7J acid and 22i base; and tar- 
trate of lead of 3rj acid and 62j oxide. 

• Thomson'B Annsls, i. 37. f Ann. de Cluat, et i'hj's, iii. 2a I. 

; Ann. de Clum- Mv. 4$. 
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Art. 6,-^^Benzoic Add, 

This maj be obtained from a substance termed, gum benzoin or 
lienjamin. The process consists in pulverizing a pound and a half of 

£m benzoin with four ounces of (j^uicklime, and then boiling them 
r half an hour in a gallon of water, constantly stirring. When cold» 
tbe clear liquor is poured off; and what remains is boiled, a second 
* time, in four pints of water, the liquor being poured off as before. The 
mixed liquids, after bein^ boiled to one half, are filtered through 
IMper; and muiiatic acid is gradually added, until it ceases ixi pro- 
duce a precipitate. Finallj, after navins decanted liie liquid, the 
powder is dried in a gentle heat, and sublimed from a proper vessel, 
placed in a sand-bath, into cones of writing paper. 

Benzoic acid has a peculiar and not disagreeable odour. Its crystals 

^e soft, and cannot be reduced to powder. It is volatilized, in white 

^umes, by a moderate heat It requires for solution about 24 times its 

height of boiling water, which, as it cools, lets fall ,19-20th8 of what it 

^d dissolved. It is soluble in alcohol. 

The composition of this acid has been ascertained by Berzelius, as 
*ollow8: 

Carbon 74.41 

Oxygen 20.43 

Hydrogen 5.16 

100. 

The compounds, which it forms with alkaline and earthy bases, « 
^^led BENzoATEs, are folly described by^Hisin^r in the 40th volume 
^^f the Philosophical Magazine, and by Berzelius in the 90th volume 
^f the Annales de Chimie. 



Abt. 7.— ITie Oxalic Add 

Is also found native in the juice of sorrel, forming a quadroxalate, 
and, as appears from the experiments of Yauquelin, in the Rheum 
Palmatum. 



Art. 8. — Moroxylic Acid, 

Mr. Klaproth has lately discovered a new acid, comlnned with lime 
and extract in a saline mass, which exudes from the trunk of the 
white mulberry, moms alboj L. It was collected, by Dr. Thomflon» 
from trees in tne botanic garden at Palermo; and seems peculiar to 
those individuals that grow in hot climates. Its characters have not \ 
been fully ascertained. From its origin, it has been called, by Klaproth> 
MORoxTLic ACID, and its compounds moroxylates.* 

* See Nicholson's Joumal, 8vo. vu. 129. 
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Art. 9. — Tke Laccic Add 

(Which, in strictness, should be classed among animal acids] b 
obtained from the white lac of Madras, from which, when liqaened, 
it oozes out in drops. It is in the form of a reddish liquor, having a 
slightly bitter saltish taste; but, on evaporation, it shoots into acicuTar 
cnrstals. It may be raised in distillation. It combines with carbonate 
of lime and soda, and excites effervescence. It precipitates baiytk 
salts; assumes a green colour with lime-water, and a purplish one 
with sulphate of iron. A full account of its properties, and of those of 
the substance that affords it, may be found in Dr. Pearson's paper ia 
the Philosophical Transactions, 1794. 



Art. 10. — Fkosphoric Acid 

Exists in almost all vegetable substances, and particularly in all Ae 
varieties of grain, not however in a free state, but in combination 
chiefly with potash and lime. Hence the coal of almost all kinds of 
seeds affords phosphorus by distillation, a fact originally observed bf 
Margraaf, and confirmed by the experiments of Saussure.* 



Art. 11. — The Prussic Acid 

Has been discovered in water dif^tilled from bitter almonds, from 
the leaves of the laurel, and from peach blossoms, and in the bark of 
ihaprunus padus. When the distilled liquid is neutralized with pot- 
ash, a crystal lizable salt is obtained, the solution of which throws 
down Prussian blue from the salts of iron. Vauquelin, also, obtained 
prussic acid by distilling water, with a very gentle heat, from the 
Kernels of apricots.t The properties of the prussic acid will be de- 
scribed in the chapter on animal products. 



Art. 12. — Boletic AciJ. 

This acid was first obtained by Braconnot, from the juice of tlic 
hohtus pseudo'ignarius.X The juice was boiled, filtered, and evapo- 
rated cautiously, to the consistence of syrup. This was repeatealy 
digested in alcohol; the insoluble portion was dissolved in watefi 
and precipitated by nitrate of lead. The white precipitate, thus ob- 
tained, was mixed with water, and decomposed by sulpnu retted hydro- 
gen gas. The liquid, being evaporated, yielded crystals of 6o/^^ic acid. 

The crystals, when purified by solution in alcohol, and re-crystal- 
lization, are white, and have the shape of irregular four-sided prisms. 

* Nicholson's Journal, xxv. 279. 
f Annales de Chimie, xlv. 206. 



Thomson's Annals, ii. 469. 
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lliey require 180 parts of water at 68^ to dissolve them, and 45 
Pjuts of alcohol. The aqueous solution reddens vegetable blues, pre- 

k%\\l cipitates nitrate of lead ; and throws down the peroxide, but not the 

eM pnitoxide of iron from its solutions. Nitrates of silver and mercury 

^iml lArd with it a white precipitate. 

^cm With the alkalies and earths^ it unites, and forms a class of salti, 

>oml which may be called boUtates. 

osed 

^^^^ Art. 13. — Jlcid discovered by Braconnot. 

An acid of a peculiar nature was discovered some years a^, by 
Braconnot, in vegetable substances,'^ which have undergone tlie 
acetous fermentation. He first procured it from rice, which had been 
ieft, mixed with water, at a gentle heat, till it had become sour. When 
drained in a woollen bag, a liquid passed tlirougii, which gave acetous 
acid by distillation. Continuing the evaporation, almost to dryness, 
a gummy substance was left, having a decidedly acid taste, lliia 
Was digested in alcohol, and the ^lution, evaporated to tlie con- 
sistence of svrup, became a granular crystalline mass, with a strongly 
aoid taste. It stdl, however, contained a salt with base of lime. ''Ilie 
excess of acid was, therefore, neutralized by oxide of zinc ; the salt 
obtuned was decomposed by barytes; and the barytes precipitated 
b^ sulphuric acid. The liquor, being now carefully evai>orated to a 
sjrrup, left an uncrystallizable, almost colourless, aciu, nearly as 
9*l7on^ to the taste as the oxalic. 

With potash and soda, this acid gave deliquescent salts, soluble in 

^Oicohol; and, with ammonia, a crystallizable salt It formed, witli 

l^i^me, a salt, which reauired £1 times its weight of water for solution; 

^vith strontites, a salt soluble in 8 parts oT water; with barytes a 

^omrny substance; and, with magnesia, small granular crystals, which 

'^^ere not soluble in less tiian 25 parts of water. 

Dr. Thomson, in tlie 5th edition of his Svstem of Chemistry, has 
'(iroposed for this acid the name of Zumic Jci</, from Ct/fu;, leavett. 



Art. 14^ — BheumU JIad* 

A new acid was announced bv Mr. Hendenion as existing in tlie 
stems of garden riiaborb; bat as 6e candidly admits tfie possiwliiv of 
&ilacT, and as his discovery has not been coofinned tnr tli« 8um«sp' 
qaent experiments of Mr. Donovan, it mav be suflkient Ut r«ffer 
Itfiieir respective papers in Thomson's AnnaU, viiLd47, aud isL |C/$« 

• 85 Ann. de Chim 84 
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Art. i5.—ICinic Acid. 
When yellow Peruvian bark is macerated in cold water," 
infusion concentrated and «et apart for some time in an open Vei 
a aalt crystallizes from it in square or rliDmboidal plates; Kavin) 
taste; soluble in five parts of cold water; anil insoluble in alcc 
From tliis aalf, first obtained by M. Deschamps, jun. of Lyon, 1 
quelin separated the lime by oxalic acid, and concentrated thi 
maiiiing liquor to the consistency of a syrup, which he set agiile 
a week, when, on touching it with a glass rod, it crystallized at c 
into divergent plates. Its colour was sli°^tly brown ; its taste 
tremel^ acid and .rather bitter; and it was rendily soluble in wi 
It is distin^ished from other vegetable acids by its forming a sol 
salt with lime, and by its not precipitating silver or lead from '* 
respective solutions.* 



SECTION VI. 
Fixed Oils. 



I 



1. These oils are obtained, by pressure, from certain vegetaL 
as the olive, the almond, linseed, poppy-seed, rapeseed, &iC. 

3. As thus obtained, they are generally founa combined with 
cilage, to the spontaneous decomposition of which is chiefly m 
the change that oils undei^ by keeping, called rancidity. 

3. They are usually coloured, but may be deprived of colouc 
digestion with charcoal. 

4. Their specific gravity is commonly between that of alcohol 
water. Hence they sink in the former, and float on the surfaci 
the latter fluid. They cannot, by sti-ung agitation, be brought to c 
bine with water, but always separate on standing. When the se 
however, which contain them, are rubbed with water, especially 
little si^r be aiided.anjroperrect solution is obtained calJeilanet 
sion. On adding an acid to this, the oil is detached, and floati 
the surface. 

5. The expressed oils of linseed and ofolives, Mr. Brande finds, 
very sparingly soluble in alcoht^ of specific gravity .820. Four nu 
measures of alcohol dissolve a drachm of Iniseeti oil. Castor o 
pei'fectly soluble in every proportion in alcohol of .630, but no' 
weaker ale oho 1. 1 

6. Four ounce measures of sulphuric ether of specific gravity .7 
are capable of dissolvino a fluid ounce and quarter of oil of almoi 
a fluid ounce and half of olive oil; and almost any proportion of 
tor oil. (Brande.) 

7. Some of the fixed oils congeal, or become solid, by a very mi 
rate reduction of their temperature; and others, as palm oil, are 
manently thick, or form a soft solid like butter, at the temperatur 
the atmosphere. 

■ Ann. de Chim. lix. 163. 
t PhU. Tnns. ISll, p. 365. 



& They anite with ^kalies, and funn soap. The soap, however, ' 
whEcli is commonly inanuractured in this couati-^ U tnaue by com- 
'*sl btningtlie fixed alkalies witli tallavp. Of the processes followed in 
"^^ the preparatioD of soap, both from vecetable and animal oils, an excel- 
lent description is given in Messrs. Alkins' Chemical Dictionary. A 
meinoir of Chevreul on the Combiuatiim of Aikalies with Fat may, 
tlu, be consulted in the 88th and 94tl> volumes of the Jlmuiks de 
dumie.and a paper of Colin on die manufacture of hard soap is con- 
Uined in the 3d vul. of AnnaUs de Ckimh et de Fhpiqaf. 

Soap h reudily soluble in water. The solution it ilecomposed by 
acids, and by neutral salts witli earthy bases. Hence hai-d waters, which 
contain earthy sails, cuidle soap; their acid uniting with the alkali 
cf the soap, and setting the oil at liberty. When a strong solution 
of soap is mixed with one of a metallic salt, a substance is formed, 
termed a metallic soap. The alkali unites with the acid of the salt, 
and the oil with the metallic oxiile. * 

9. Fixed oils dissolve sulphui', and form a kind of balsam. They 
4ct also on phosphorus. 

la Their properties are changed by boiling with metallic oxides, 
tooBc of lead for example. The mucilage unites with this oxide, 
^iVhich pj*obably gives up a portion of its oxygen to the oil, and the 
*^»1 is rendered drying, and fit fur the use of the painter. If the oxide 
*^« added in larger proportion, the mass, when cold, composes a 
tklaster. 

1 1. Fixed oils, when distilled witli a gentle heat, yield oleliant and 
^^arbnretted hydrogen gases. A portion of tlie oil passes over, also, 
.^^nthout decomposition. Hence they cannot be considered as abso- 
• mittly fixed, but have received this name cliiefly from a comparison 
^ntlth the essential or volatile oils. By repeated distillations the 
^rtfhote of any fixed oil may finally be changed into gaseous matter. 

I^ Fixed oils are extremely combuBtiblc; and when burned in an 
Wpparatus, adapted for collecting the products of their combustion, 
"%hey afford carbonic acid and water. It may be inferred, therefore, 
'Vhat they are composed of carbon and hydrt^n, the proportions of 
^fhicb, accordin" to the expeiiments of Lavoisier, are 79 of the former 
and SI of tlie latter. Fram tliis statement, however, oxygen is eX- 
ciudeil, which it is probable all liiied oils contain. Its presence in- 
deed is almost demonstrated by Sir H. Davy's experiments. When 
a globule of potassium, lie observes, is introduced into any of the fixed 
oils made hot, tiie fii'st prodoct is pure hydrogen, which arises from 
the decompositionof the wafer absorbed by the crust of potash during 
exposure to the atmosphere. If the globule be previously freed from 
tills crust, carburetted hydrogen is disengagetl, coaly matter deposited, 
tndasoapis formed. To generate the alkali, however, which this 
I snap conUins, oxygen must necessarily have been supplied by the 
decomposition of the oil. Sir H.Davy has also found, in the products 
of their destructive distillation by heat, a proportion of water, to the 
production of which oxygen is essential.* But decisive proof of the 

■ Pliilo5nphicHl Traasactions, 1B08, 
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presence of oxvgen in oil has lately been supplied by Gay I 
and Theiiard's anilysis of olive oil, which tliey find to be coi ~ 

Cnriion 77.213 

Oxygen 9.427 

Hyrirogen i.^..'ifiO 

100. 
Tlie analyeis muy aiao be statcil as fulltma: 

Carbon 77.213 

Oxygen and hydrogen in the propor-? _ . _ 

tions trt form water .... $ " 
Escessof hydri^n 12.075 

100. 

13. Nitric acid acts with great energy on the fixed oils. In a small 
proportion, its chief effect is to render Uiein thicker. When distilled 
together with a. larger pi'oportioD of acid, the oil is decomposed, and 
nitivus ^as disengaged; oxalic acid remaining in the retort. Red 
and smoking nitric acid, when suddenly mixed with a fixed oil, espe- 
cially with the addition of a little sulphuric acid, occasions a violent 
Gon^uation. Oxymuiiatic acid gas, passed thi*ough them, thickeiis 
them, and renders them tcnacinus like wax. 

14. The fixed oils have a singular propertj^, which has led somp- 
tiines to serious accidents. When mixed with lamp black, or with 
any light kind of charcoal, and even with several vegetable sub- 
stances, as cotton, wool, or flax, tlie mixture, after some time, heats 
spontaneously, and at length bursts into flame. This combustion hu 
lometimes been observed to take place in the waste cotton, employed 
to wipe the oil from machinery; and lias probably occasioned mitny 
of the dreadful fires, which liave happened in cotton-mills, and for 
which no adequate cause could be assigned.* 

SECTION VII. 'J^M 

rulatile or Essential Oils. ^^^ 

Wmt tiie exception of the oil from the rinds of the lemon nnd the 
oranee, which are obtained by expression, the essential oils are pro- 
cured, by distilling the vegetables that aflui-il them, with a proper pro- 
portion of water. The oU either sinks to flie bottom, or swims on 
the surface of the water, according to its specific gravity; but if tho 
distilled water be long kept, Bucliol?. finds that the oil is converted 
into mucila^. 

1. These oils have a penetrating smell, and an acrid taste. 

2. They are volatilized by a gentle heat. Hence the spot, which 
they leave on paper, maybe removed by holding it at a small dis- 
tance from the fire; but the stains from expressed oils are permanent 

• See Journal of Science, Bic.v. 367. 
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The7 can, witli difficulty, be brought to unite with alkalies. ^^| 

They are soluble in alcohol. ^M 

They <j<> not unite with water. Willt the iotei'vention of a ^^| 

sugar, however, they are comblitalile, in small proportion, with ^^M 

water. ^^M 

li. When nitric acid is poured ujmn these oib, especially if it has ^^M 

been previously mixed with one-fiftit or one-«iKth otsolphuric icid, ^^ 



nitric acid is poured upon these oib, especially if it has 
I previously mixed with one-fiftit or one-«iKth ot sulphuric iciil, 
the mixture bursts into a violent flame. This experiment reiiuires 
caudon, as the inllnnietl oil is apt to be scattered about 

7. Several of them ilctouate, when rubbed witli hy|»er-oxymuriafe 
•f potash, and lake fire when pooreil into oxymuriatic acid gas. 

8. Essential oils are thickened by long exposure to air. This is 
owing, as Dr. Priestley first praved, to llieir absorbing oxygen, a fact 
wbiefi accounts, in some degree, for the injurious eftects of fresh 
panted rooms. 

9i Potassium decomposes the volatile oils when heated. Alkali is 

tonnedi asmall quantity of i;;as is evolved; and charcoal is deposited. 

Camphor resembles the essential oiU in many properties, but is 

notin6amed by nitric acid, which converts if into an acid, distinguislied 

by peculiar properties,* and termed the campknric acid. 

For this purpose, camphor is repeatedly (listilled with four times 
its weight of nitric acid, till about SO parts of acid have been employ- 
ed. At each operation, the portion of camphor, which sublimes and 
eacapes decomposition, is to be returned into the retort. The acid is 
aasceptible of crystallization; the crystals effloresce in the air, and 
are soluble in 100 timns their weight of cold, or in II times tlieir 
■freight of boiling water; they are combustible; and bum with a dense, 
aromatic smoke; tlicy melt and sublime with a gentle lieat, and dig< 
Strive in the mineral acids. TUey dissolve also in about six times 
ttheir weight of cold alcohol, or to any amount in boiling alcohol ; ami 
3ut not precipitated by water. With alkalies and earths they com- 
pose a class of salts called camphorates. Fifty grains of the acid are 
saturated by £3 of carbonate or lime = 15.7 pure lime. 

A singular substance, very much resembiraz camphor in its sen- 
sible and chemical properties, may be obtained by passing muriatic 
leid gas throu^ essential oil of turpentine, which absorbs about a 
third of its weight. The oil of turpentine becomes thick, from an 
abundance of a white crystalline substance which forms in it lliiB 
may be separated by draining oR'the liquid; and is found rather to 
exceed the weight of the essential oil submitted to esperiment.t It 
is white, crystalline, granular, volatile in a moderate heat, and 1ias 
very much the smell of camphor. Bv esposure to the air, it sotm 
loses its property of reddening vegetable blue colours As to the 
theory of its production, Thenard is of opinion that r - "i--"-- ■ 
of the oil of turpentine lakes place ; but that t*^ 
to it entire. Ordinary camphor of commerce, 
logy, to be a compound of an essential oil and 
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SECTION VII I, 
Resins. 



1 






Resins are tlie inspissated juices of certain plants, and are g _ 
rally olitaiiied by wounding titeir bark. Cnpal, M lac, may be tak^^^g 
Bs an example. Dnigiin's blood, guaiac urn, saodarach, labtlanuin, goi;^^. 
mon lesin, and turpentine, are also vnrietii-^ of tJiis substance. 

1. They have geDerallr a yellow colour, and are imperlectly ErBlkv- 
parent. In specific gravity they exceed water. 

£. Tbey are dry, brittle, and exlreniely inflammable. 

3. They dissolve in alcohol, ether, and essential oils: but notal 
in water, which even precipitates them frotn die foregoing solve* _^^ 

4. Both acids and alkalies act on them : the pure flkalies most^^ 
markably. The alkaline solution is clear, and may be diluted wifh 
water without decomposition; but acids immediately precipitate the 
resin. By mixing it with a solution of a metallic salt, tlie oxide h 
precipilaled in combiuation with resin. 

5. By long continued and repeated digestion with nitric acid, fhe 
resins aftbrd a deep yellow solution, which lias the property of pi;c- 
cipitating: animal ^latiue, and agrees, therefore, with tannin. N» 
oxalic acid is obtained by this process, a circumstance which distin- 
guishes the resins from all other vegetablesubstances, 

6. Concentrated eulphuric acid dissolves the powdered resins. If 
the solution be digested in a moderate heat, sulphui'ous acid is firet 
evolved; in a few days this ceases; and a black porous coal remains, 
equal to between a fifth and a third the weight of the resin which has 
been employed ; whereas, by incineration in close vessels, scarcely. 
1-lOOth part their weight of coal is obtained. _ "^ 

Acetic acid dissolves resins, which are precipitated from it byM 
addition of water. ' r 

7. ResinB are the basis of varnishes, and are much used in medicj 
Balmms are liquid resins, holding in combination a p 

Benzoic acid.'' 

Gum Besins, along with resin, have on admixture ol 
matter. They dissolve partly in water, and partly in alcohol, 
are almost solely used in medicine. Asafnetida, gum-ammonia 
gamboge, myi'rh, opium, &c. are varieties of gum-resin.t 

Gaaiacum was observed by Mr. Hatchett to differ from other n 
in giving oxalic acid by the action of nitric acid, and very little U 
In other respects, alsOt it has been since shown, by Mr. " 
possess properties tliat do iiftt agree with those of resins i 

Amber is a resin possessed of peculiar properties. By distiltad 
it yields a distinct acid, called the succinic. — ^To prepare this ai 
let a glass retort be half filled with powdered amber, and the n 

• See 69 Ann. He Chjm. 293. 

reader, wlio may wish for further inrurmutiuti respecting' the m 
7 consult Braconnnt's Memoir in the 23lii vol. of Nichulaoii'i 
F-clktier'B in the BOlh vol. of Annalea de Clmnic. 
Bophicftl Transactions, 1805, 



R. IX, FECULA. 

vilh fine dry sand.* Late a receiver, and apply a gentle heat, 
ji j>urtion of tvater first comes over, whifb is succeeded by a weak 
I acetic acid. The succinic acid then sublimes; bat is conlaininated 
by a mixture of oil. It may be purified by solution and ciyalalliza- 
tion; and it then forms transparent white shining crystals, having 
the fonn of triangular prisms. They are soluble in 34 times Uieir 
weight of water, and in boiling alconcl. The solution reddens the 
^ blue colour of turnsole, but not that of violets, and has an acid taste. 
It combines with alkalies, &c. and forms succinates, the most import- 
ant of which is the succinate of ammonia. This salt decomposes all 
die solutions of iron; and alTords an insoluble precipitate, composed 
of succinate of iron Hence it is highly nscfulin the analysis of mi* 
nerai waters. 
BerzeliuH states the composition of the succinic acid as follows: 

Hydrogen 4.512 

Carbon 47'.600 

Osygen 47.888 

I00.t 



SECTION IX. 

Farina, Starch, or Fecula. 

Starch may be obtained from the flour of most varieties of grain, 
from the roots of the potato, and from almost every part of vegeta- 
bles, by a very simple process. The B;rain in the state of fine powder, 
or the root well rasped, is to be washed with a quantity of cold water 
which becomes turbid, and, if the fecula is white, milky. The fecula, 
however, is not dissolved, but merely suspended mechanically; and, 
after separatin;; the fibrous and grosser parts by a sieve, it subsides 
to the bottom of the vessel. The liquid, which contains the soluble 
parts of tlie vegetable, is to be decanted, and tlie farina to be washed 
by repeated affusions of cold water. It may, afterwards, be dried in 
a gentle heat 

From tJie analysis of Dr. PearsonJ we learn that 100 parts of the 
.fresh potato root, deprived of skin, afford 

Water . . . . '. . 68 to 73 
Meal 32 to 28 



• UsefiJ directiona for tii'is process ate ^iven by Robiquet wid Colin, Ann, 
de Chim, et Phjs. iv. 325. 

f 94 Ann. ile Chimie, 189. 

t Repertory of Arts, iii. 383. The mJj^b of aeveral varietiea of the poUto 
by Lampadius mny be seen in Thomson's Annila, r. 39. 
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The meal i» composed of three distiact substaacea, inx. 

Fecula 15 to 17 

Fibrous matter .... 8 to 9 
Extract or mucilage . . 5 to 6 

28 32 

Some useful information respecting the quantity of fecula in differ- 
ent varieties of the potato, and the methods of separating; it, has been 
eiven by Mr. Skrimshire in the 21at volume of Nicholson's Journal 
its proportion in sound and unsound grain, and the causes of un- 
soundness in corn and flour, have been ablv investigated bj Mr. & 
Davy, in a memoir published in the 49th volume of the Philosophical 
Magazine. Of rice, it constitutes, according to Braconnot, from 83 
to 85 per cent.* 

Common starch, though not absolutely free from gluten, may be 
taken as an example of fecula. It will be found to have the foUowing 
qualities : 

1. It is not soluble in water, unless when heated to 160°; and if 
the temperature be raised to 180°, the solution coagulates into a thick 
tenacious transparent jelly. By evaporation at a low heat, this jdly , 
shrinks, and at length forms a transparent brittle substance closelj 
resembling gum. The solution of starch in a large quantity of water 
is precipitated by Goulard^s exti'act of lead; but not by any other 
metallic salt. 

2. Farina is insoluble in alcohol, and in ether. 

3. Pure liquid alkalies act on starch, and convert it into a trans- 
parent jelly. The compound is soluble in alcohol. 

4. Sulphuric acid dissolves it slowly; sulphurous acid is evolved; 
and so much charcoal is disengaged, tliat the vessel may be inverted} 
without spilling its contents. 

5. Nitric acid, at the temperature of the atmosphere, acts on starcii, 
and dissolves it; but no oxalic acid appears subsequently, unless hett 
be applied. Hot nitric acid is decomposed by starch, and oxalic acid 
is generated. 

6. Starch, as it exists in grain, is spontaneously convertible into 
su^r. On this property is founded the process of malting. 

The grain, from which malt is most commonly prepared, is barley. 
In this grain, Proust has discovered, beside the ingredients of wheat, 
a peculiar substance, nearly resembling saw-dust, in its external cha- 
racters, to which he has given "the name of hordeiuA This substance 
may be separated from starch by the action of hot water, in which it 
is quite insoluble. During the process of malting, its proportion is 
considerably diminished, and it appears to be partly converted into 
sugar, or into starch, as will appear from the following comparative 
analysis of malted and unmalted barley. 

* Ann. de Chim. et Phys. iv. 3R:>. 
t Ann. de Chim. et Phys. v. 337. 
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It appears, then, tliat the formation of malt consists in the increase 
of guni, sugar, and atai-ch, and the diminution of gluten and hordein. 
The efai'ch, that remains after mailing, is found cltan^ed in its proper- 
ties; fur it dues not as before yield a viscid paste, capable of geuti- 
niziag on cooling. Tlie process of malting, is not, however, essential 
to the productiun of alcotiul from ^rain; for in the Scutch distUleries 
it hits lon^been common to use a large proportion of unmalted barley; 
ftnd M. Clement, bv direct comparative experiments, obtained equal 
quantities of alcolio! bj fermenting the infusions of equal weights of 
tnalted and of unmalted gr^n.* The spirit obtained from unmalted 
barley Iwa a peculiar odour, which is owing to its holding in solution a 
yelJow solid oil, separable by cai-eful distillaliout of the alcohol. 

The loss of weiglit sustained by grain in malting, which Proust 

I states at one-thii-d. Dr. Thomson asserts is greatly over-rated, and 
tfiat it did not, on an average of 50 processes, carried un under his 
iBSpection, exceed one-hfth. The hordein of Proust, he considers as 
starch under some modification, which is changed, by malting, partly 
into true starch, and partly into sugar-J; 

Another method of converting starch info sugar was discovered by 
M. Kirchoff of St Petersburg. The change is eflected by the action 
of sulphuric acid, which is bailed, for many hours, with stirch and 
water. The process has been successfully repeated by sevei-al per- 
sons, and among the rest by M. Voeel§ and by Dr. Tuthill of Lon- 
don.ll The latter digested a pound and half of potato starch (ob- 
tained (iotii Si pounds of potatoes) sis pints of distilled water, and a 
<[Uartcr of an ounce by weight of sulphuric acid, in an earthen vessel, ^^M 
•t ft boiling heat; the mixture being frequently stirred and kept at ^^H 
an uniform degree of fluidity by the sup[)ly of fresh water. Li 34 ^^^H 
hours there was an evident sweetness, which increased till the close ^^| 
of the process; at the end of S4 hours, an ounce of finely powdered 
chai-coal was added, and the boiling kept up two hours longer. The 
acid was then carefully saturated by recently burned lime; and tlie 
fibiling continued fur Imlf an hour, after which the Uauur was passed 
through calico, and the substance, remaining on the drainer, washed 
repeatedly wiUi warm water. This, when dry, weighed seven-ei^tha 
Ofan ounce, and consisted of charcoal and sulphate of lime. The 
dear liquor, being evaporated to the consistence of syrup, and set ^^- 
&««ide, was in eight dap converted into a crystalline mass, resembling ^^M 
common brown sugar with a mixture of treacle. The saccbarme ^^M 

' Ann. dc Chim. ct PIivb. v. 423, t Thomson's Annuls, xii. 55. ^^H 

KH AnnuJa DfPhilosopliy, %. 3S>>. =, Ann. de Chim, 1. S2. .^H 

t'Kich. JDOr. vol. -A ^H 
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■natter, wliicli Dr. Tiithill judced to be intermediate between i 
su^r aud ^ra|)e augar, weiglit^u one pound and a quarter. By f«r* * 1 
inenting one pound of this substance in the usual manner, aud distil- 
ling and rectifying tlie product, Iburteen drachma by lueasure of [WOof 
Spirit were obtained. 

, The differences between starch sugar, and common sugar from the 
sugar cane, have been pointed out by Nasse. Starch sugnr aasumeti 
the form of spherical crystals like honey. It is not ao haiil, nor m 
fweet, nor so soluble in water, as common sugar. When it is digest- 
ed witit an alkaline cabonale, a precipitation of mucilage takes placf : 
Bnd tlie same precipitation is occasioned from a solution of Starch 
iugar by muriate of tin. The eolutioD of starch auger ferments with- 

, tout the atlditiop of yeast, which ia not the case wi3i common sugara* 
■ It had been shown, by Professor de la Rive of Geneva, that in dit 
'fcrmatiun of sugar from starch, no gas is evolveil; tliat the alteratim 
of the starcli goes on in close vesaefs without the contact of air; and 
Hhat no part of the sulphuric acid is either decomposed, or united to 
'the starch as a constituent. These results have t)een confiiined bj^ 
fte experiments of Saussurct who has shown, also, that the sugai — 
which IS obtained, exceeds, by about one-tenth, the original weight o& 
tiie starch. He concludes, therefore, that the conversion of starcl^ 

. ^into sii^ is nothing else than the combination of starch with watei^^ 

■ in a solid state, a conclusion wliich is Strengthened by the results ot^ - 
*mnalyzing those two substances, viz. 

Carbon. Oxvgen. HvJr. Azote, 

In starch were found 45.39 I 48.31 I 5.90 | 0.40 

In starch sugar 37.29 [ 55.87 | 6.34 | 0. 

• In 100 |)arta of starch, the oxygen and hydrwen are sufficient t^^ 
form 50.4B parts of water, witi) an excess of 3.76 osygen. In staiV^M 
sugar, the same principles exist in nuantities sufikient to compos— i 
58.44 parts of watei-, being an increase of nearly H, and there is still a^^ 
,«xces9 of 4.26 parts of osygen. 

r. Starch is said by Dr. Thomson to be capable of entering iot^KS 
chemical union with tan.J Of tlie existence of sucli a cainbinatioiV« 
however, Dr. Bostock lias fountl reason to doubt.§ 

8. Starch has been analyzed by Gay Lussac and Thenard, and bT 
Berz.e1ius, and the near coincidence of their results, obtained by di^ i 
ferent methods, is a strong presumption in lavour of their accuracy. I 
!. It consists, / 
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9. When strongly heated, starcli becomes first yellow, and after- 
wards a reddish brown; it softens, swells, and exiiales a penetrating 
smell. If the process be stopped, a substance is the result, which n 
employed by calico-printers under the name of British gmn, Tliis 



i, howevw, Vauquclin finds, is not a true mucilags; for wUJ 

£ acid it gives only oxalic acid, and no nuicous acid." 

X When starch is distilled inclose vessels, it yields an acid, nhitj 

bbeen called the pyromucous, but which, in fact, is nothing n 

^vinegai', vrith an ailmixture of empyreumalic oil. i 

II. When starch and iodine ai-e tiitumted together, both in a Ati 

''t, the starch assumes a violet tint, which passes to blue or tobkcf 

TdiDg to the proportions tliat are employed. The colour of 6ij 

■ iodide of starch is reddish, if the starch be in excess; 

l>lue, when t!ie two bodies are indue proportion; and blaci 

1 the iodine prevails. Tliia compound is soluble in diluted su 

3 acid, and the liquoi' is of a fine blue colour. ConceritratB 

uric acid, also, dissolve'^it, and the solution is brown, but pass 

^beautiful blue on the addition of water. There is also a m 

uret of starch, which is white, but becomes blue by die action a 

It any acid.t 



SECTION X. 
Gluten. 

inTTEW may be obtained from wheat-flour, by a very simple pnj . 
', The flour is first to be formed, by the gradual addition of A 
I quantity of water, into a soft and ductile paste. This is to t " 
'^Mahed by a very slender stream of water, and, at the same time, I 
* e constantly worked between iJic fingers. The water carries off tt 
tai'ch, and for some time is rendered milky. When it passes n 
IpsDarent, the washing may be discontinued; and the pure glutQ 
"""■na in the hands. 

e following are the properties of gluten: 
. It is of a grey colour, and has so much elasticity, that, whd 
&iwn nut, it recovers itself like elastic gum. It has scarcely aimj 
taste, and rlues not melt or lose its tenacity in the mouth. 
. 2. Wiien exposed lo a gentle heat, it dries very slowly, and b 
comes hard, bnttle, semi-ti'ansparent, of a dark brown colour, 
somewhat like glue. When broken it has tlie fraciui-e of glass. 
this state it is insoluble in water. , 

3, When kept moist, it ferments and undergoes a sort of putrefSji) 
tioD, emitting a very offensive odour. At the same time a portion b' 
acid is developed, which is |>erceivable by its smell, and which coD 
siderably retards the putrefaction of the gluten. In this circumsfanc^ 
chiefly, it differs from aiiimal gluten. 

4. When suddenly heated, it first shrinks; then mdta, blackeoc 
and emits a smell like that of burning horn. By distillation ii 
vessels, it yields a portion of water impregnated with carbonate i 

• 80 Ann. de Chim. olr. See also Tliomson's Amiih, v. 38, and 
Chim. xc. 29. 
I Colin and Gaiiltier de Cluubry. 90 Ann. de Chim. 100. 



1^0 VEGETABLE SUBSTANCES. «HAF. St. 

ammonia ; a considerable quantity of brown fetid thick 6il ; solid sub- 
carbonate of ammonia; and carburetted hydrogen gas. Thede pifH 
ducts resemble, very closely, those of animal substances. 

5. It is generally described to be insoluble in water, in alcohol aili 
in ether. After fermentation, it is partially soluble in alcohol, and tte 
solution may be applied to the purposes of varnish. From the reCtat 
experiments of Dr. Bostock,a gluten appears, however, by longdige^ 
tion, to be partly soluble in water. The solution is precipttatcd bf 
acetate and super-acetate of lead, by muriate of tin, and by other re- 
agents.* 

6. All acids dissolve it, and alkalies precipitate it, but considenMj 
changed, and deprived of its elasticity. It undergoes a similar change 
when dissolved in pure alkalies, and precipitated by acids. 

7. It exists most abundantly in wheat-Hour, of which it constitnfel 
about one-fourth, and is essential to its soundness; but it is fonndi 
also, in various vegetable juices.t 

Another ingredient, which was long supposed to be pecaliar to 
animal products, viz. albumen, has been discovered in the emnlsiTe 
seeds. In the almond, for instance, 30 per cent, have been founds of i 
substance precisely resembling animal curd.:|: 



SECTION XL 

Caoutchouc, or Elastic Gum. 

Caoutchouc is chiefly the product of two trees, which are the 
growth of Brazil ; the IJfoevea Caoutchouc and Jatropha Elastictu 
When the bark of these trees is wounded, a white milky juice flows 
out, which speedily concretes in the air into an elastic substance; 
and, when the juice is applied in successive coats, upon clay moulds, 
it forms the globular bottles, which are brought to this country. Br 
an immediate and careful seclusion from air, the juice may be pre- 
served some time from concreting, and has occasionally been brought 
to Europe in a liquid state. But even, when thus preserved, a part of 
it, in the course of time, passes to a solid form. If it could easily be 
imported in a fluid state, it would be invaluable, from its application 
to the rendering cloth, leather, and other substances impervious to 
water. 

1. Caoutchouc is inflammable, burning with a briglit flame in at- 
mospherical air, and with still greater bruliancy in oxygen gas, or in 
oxy-muriatic gas. 

2. It is insoluble in water and in alcohol. If long slips of caont- 
chouc, however, are tied spirally round a glass or metal rou, and boiled 
for an hour or two, the edges cohere, and a hollow tube is formed. 

* Nicholson's Journal, xviii. 34. 

f See Proust on the Green Fecula of Vecfetables, Nicholson's Journal, 8^0. 
jv. 273. 

i Thomson's Annals, xii. 39. 



WOODf FIBRE. 1S| ' 

k Caoutchouc is soluble in ether; iiol, however, in the ordioanr 
e aC tJiis Auid as it is fuUQrl in the shops. To render ether a fit 
solvent ol' this substance, it should be purilieJ by washing it with 
water, in the manner to be hereafter described. The solutioa may 
ba applied to the purpose of forming tubes or vessels of any shape* 
The principal difliculty ia using it arises from the great volatility of ^ 
Ifce ether, in conscipience of which the bruslies, or other instrument>i ' 
by which it is applied, are soon clogged up, and rendered useless. 

4. Caoutchouc is soluble in volatile oils; but when they have j 
evaporated, they leave it in a e;lutinous state, and deprived of much 
ftf its elasticity. Petroleum dissolves it, and, when evaporated, leaves 
it unchan<^d. One of the most useful solvents, however, of caoutchouC) 
appears to be tiie eajeput oil, a siittstance lately admitted into the 
rliarmacopisia of the Lotidon College of Fhyiicians. A thick and 
^tinous solution is obtained, fiom which alcohol detaches the easea* 
tiaL oil. The caoutchouc floab^ on the surface in a semi-fluid stat^ 
but soon hardens, and regains its elastic powers oii exposure to the 
atmosphere. To this process, llie chief objection ia the expcnsivenesa 
of tlie solvent 

5. Caoutchouc is acted on by alkalies ; and, when steeped in them 
for some time, losen; its elasticity. 

6. Tlie sulphuric acid is decomposed by it; sulphurous acid is di»- 
engaged; and charcoal remains. Nitric acid acts on it with the as- 
sistance of heal, nitrous gas is formed; and oxalic acid crystallizes 

finiin the residuum. 

7: Wlien distilled it gives ammonia, and hence may be inferred to 
mtain azote. A large (|uantity of olcfiant gas and of very dense car- 
■Rtted hyilroe;en, which burns with a remarkably bright flame, are 
the same time evolved. 



SECTION XI J. 

The Woody Fibre. 

R removing all the soluble parts of wood, first by long boiling 
nter, and then by digestion in alcohol, a fibrous substance is ob- 
Bd. to which, by some chemists, the name of Lignin has beeO 
i^ven. From whatever variety of wood it may have been procurei]| 
its properties appear to be uniformly the same. 

1. It is perfectly destitute of taste, smell, and colour. In specific I 
gravity, it is generally inferior to water. 

2. It is insoluble in water, at all temperatures, 

3. The pure fixed alkalies act on the woody fibre, and render it 
soft, and of a brown colour. 

4. Concentrated sulphuric acid immediately blackens it* and, after 
sufficient digestion, converts it into charcoal. 

5. Nitric acid decomposes it with the assistance of heatj and oxalic, . 
malic, and acetic acids, are formed. 
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6, When eKpoaed to heat, it aftbrds an acid called tite pyrolig 
which has been lately proved to be identical with the acetuuB. - 
acid holds in combination a quantit; of essential oil, fiuin wid 
can with ^at difficulty be freed, ond.aho, a smsll proportion 
monia. Fiom the last nicntioned protluct, it follows tlia.t the 
fibre must contain nitrogen. The thaicoal, which remains io , 
tort, is greatly superior to that procured by the ordinary pn 
and hence distillation in iron cylinders has been, for some time- j| 
practised as tlie best method of obtaining charcoal for tlie mal 
tore ofgunpowder. 

7. The woody fibre, by exposure to the atmosphere in a p«n| 
dry state, does not undei^ any change. The action of the §"'' ' 
it, however, when moistened, converts it, through various s 
colour, to a black mould. If the process be carried on is ft & 
portion of oxygen gas, carbonic acid is formed. When exclude 
the air, even moist wood shows very little tendency to decomi 

Gay Lussac and Thenard have analysed, by their new pnx 
wood of oak and beech. The wood was taken from the moat c( 
part of a Id^ reduced to a fine powder by a file, then sifted and ..„_ 
ed in succession, with water and alcohol; and finely dried, before iU 
admixture with oxymuriate of potash. 

Carbon. Oiygen. IIv(irog«n. 
100 parts of Oak contain 52.53 . . 41.78 . . 5.G9 
Beech 51A5 . . 42.73 . . 5.82 

In both, the oxygen and hydrogen are in t1ie proportions requMI , 
to form water, and there is no excess of oxygen to acidify any parldf 
the carbon. 



SECTION Xill. 
Co (oaring Matter. 
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I. The colouring matter of vegetables presents a considerable i»- 
riety in its relation to chemical agents, depending on the diversity ti 
the basis, or substratum, in wliich it resides. Chaptal has arrug^ 
the varieties of the colouring principle under four heads. 1st, As ft 
is attached to extractive matter: 2d, As it resides in gum; io b<A 
which cases it is soluble in water: 3d, As it exists in fanna, or feoAt 
and in this instance it dissolves most readily in sulphuric acidi A% 
The colouring principle is occasionally inherentin resin, and th»iiii 
requires alcohof, an oil, or an alkali, for solution. 

II. The extraction of colouring matter from the various substineei 
tlrnt aRbrd it, and its fixation on wool, silk, or cotton, constitute Ihfr 
art of DTEiNo; the details of which would be foreign to tlie piir|nM 
of this work. In this place 1 shall state only a few genei'al principleaj 
and refer for more minute information to a paper by Mr. Henry in (he 
third volume of the ■ManeJuOer Mefnairs; to the works of Bertltollet 
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■Bancroft; and to a memoir of Thenard 
t of AnnaleB de Cliimie. 
' Ul. Of the various colouring substances, used in the art of dje- 
b}g, sotike may lie permanently attached to the dyed fabric, and fully 
communicate their colour to it, without the intervention of any other 
substance; white others leave a mei'e stain, removeable by washing 
with water. The latter class, however, may be durably attached by 
tfte mediation of what was foi-merly called a mordaunt, but has since 
I Wffi more properly termed, by tne late Mr. Henry, a basis. The 
Colours which are of themselves permanent, have been termed, by 
Dr. Bancroft, substantive colimrs; while those tliat require a basisi 
have been denominated adjective colours. 

tV. The most important twsus, bv the mediation of which colour- 
ing matter U united with wool or cotton, are alutnine, the oxide of 
inn, and tlie oside of tin. Alumine and oxide of iron are applied in 
rombination with sulphuric, or acetic acids; and tlie oside of tin, 
ttktitcd with nitro-muriatic, muriatic, acetici or tartaric acids. In 
djeing, tlie most common method is to pass the substance to be dyed 
ttsrou^ a decoction of the colouring; matter, and afterwards ihrougit 
^ solution of the basis. The cotounng principle thus becomes perma- 
K*«iitly fixed on the cloth, sometimes considerably changed by its 
»* idon witli tlie basis. In calico-printing, the basis, thickened with 
f^gvfn or flour paste, is applied to the clotn by wooden blocks, or cop- 
K»er cylinders. The cloth is then dried, and passed tlirouph a decoc- 
'^lion of the colouring ingredient, which adheres only to that part of 
'djie cloth where the basis has been applied. From the rest of tlie 
^tdiith it may be removed by simple washing with water. 

V. The variety of colours, observed in dyed substances, are rcdu- 
^cible to four simple ones, vix. blue, red, yellow, and black. 

I. Indigo is the only substance used in dveing blue, which it does 
^tfiout the intervention of a basis. It is the production, chiefly, of 
several varieties of the plant called ImtigoferB, a native of America 
tnd of the East and West Indies. The plant, after being cut a little 
while before the time of flowering, is steeped with water in large vats, 
where it undergoes fermentation. During this process, a fine pulve- 
rulent pulp separates, which is at fi ret green, but becomes blue by 
exposure to the atmosphere. The operations, by which indigo is se- 
pamted and collected, are rather romplicated, and cannot be de- 
scribed without considerable minuteness. A good account of them 
uav be seen in Messrs. Aikins' Chemical Dictionary. 

Indigo has been supposed to be a variety of fecula, but it differs 
from that principle in several important particulars. It is volatile, 
and may be sublimed at a temperature a little below that which is re- 
quired for its decomposition." Water, by being boiled on it, dis- 
solves only about a ninth or a twelfth the weight of the indigo. The 
colouring matter, hvwever, remains untouched; and the solution, 
which appears to cooslet chiefly of extract, has a reddish brown hue. 
I I* is insoluble in alcohol, ether, and in fixed and voktiLe oiU,, Ite 

^^^V ' Gb}- Luisac, 74 Ann. de Chlm. 19I/j| 
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atwroptiitte, and indeed only, solvent a|>|>ears to be sul[)hi 
Wlien thus dissolved, it is someUmi-s applied directly, in i 
state, to the fabric, and dyea what is termed a Saxon bine. , ^ 

IheabBtractiuDurpartof irs oxygen, indi^lieccimti soluble in natiri 
and its colour changes from blue lo ^neti. It i-ecoveis the fannif 
colour, liowever, ot) ex|)nsui-e to the air, by a^in absorbing oxyg«L 
ita de-oxydlz^ment is etfert^d by allnwin" it to ferment, afoag wilfa 
tu'an or other vegetable matter ; or by deciini posing, in contact »vi4 
it, the gruen sulphate of ii'on. Subs lances dyed by indigo, thus 4 

Eriv^d flf oxygen, arc ijiu'en when takeo out r)f (jie vat, and a 
iut! colour by espotiire lo tJit atmosphere. By thi* revival, 
digo again becomeB insoluble, and fitted, therellire, for aiforf 
permanent dye. 

There appears, however, to be a certain stage of oxygenizic 
in indigo, wliich is essential lo the existence oliU bine colour, i 
thatany piopoition, eillier exceeding ni-faltinjTshoit of this, is cquaHy 
destructive of its rolnur. Thu^ diluted nitric acid dissolves Indin^ 
bat the solution is yellow, and the indigo is decern tiosed. A Ihiii 
layer of resinous mailer appears, floating in the solution. If tim be 
removed, and the sohifiou, after evaporation to the consistence of 
honey, be rc-dissulved, in hot water, tillered, and mixed with a «^ 
lution of potash, yellow crystals appear, which cimsist of the bltUst 
principle uniled xvith potash. These ciystals, being wrapjied in {ta- 
per and struck with a hammer, detonate and emit a purple light If 
to a drachm or two of finely powdered iudigo, we add an ounco met- 
sure of fuming nitrous aclii, tbe mixture presently Incomes hot, hW 
trouscas is evolved, a stream uf sparks arises from it, and finally 4be 
whole Dui-sts into flame. 

Muriatic acid has no action on indi>rD but u^vmuriitic acid di^ 
atroys its colour. Hence a solution ol indigo lu sulphuric acid Iwk 
been recommended for measurina; the vli-eu|rth ol wattir solutionBaf 
oxymuriatic acid gas; in order lu legulate tlicir application to Aa 
process of bleaching. , " 

Alkalies do not act on indi^, unless it be pteiiously reduced h 
(hat state of tmrtial dIs-ox)getMtion at uhich its >retn colour Ifr 
appears. And the solution eMsts no longei, it utygen be nbsurbe^ 
and the blue colour restored -~ 

The analysis of indigo by destmctHe diblill ilion sflbrds but iittfe 
information respecting its nature The pioduiti usually obtaiDnd 
from veget^le substances, are evolved, Bloiig with a portion of a: 
monia. A copper-coloui ed sublimate, also, aiiaes iii tme nei " 
shaped crystals, possessed of peculiar piopei tics. It hasbeeooi 

3. The substances, clitefly employed tor atUirding; red coloun. 
cochineal (an insect which has been supposed tu derive colour 6 
its food, tlie leaves of the caetus opuntla, L.,) archil, madilcr, bni 
wood, and saf-fiower. The first four are soluble in water; the last 
not without the iater\'ention of an alkaii. They are all a^eQl(u« ««• 

• Pliil. Mag, xllii,41i 
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lours. Cochineal, tliougl) its colour !s D&turaLly crtmsDn, is used for 
dyeing; scarlei; and to evolve the srnrlet hue, it is necessary to em- 
ploy ^e super- tart rate nf potash. The basis, by which it is attached 
10 cloth, is the oxide of tin. This may be exhibited experimentally. 
A decoction of coeliineal will leave only a fugitive stain on a piece of 
cloth; but if, in the decoction, some super-tai'trate of potash has 
been dissolved, and a portion of nitro-muriate of tin afterwards been 
M^ed, it will impart a permanent scarlet colour. 
■ S. The yellow dyes are wild American biccory, sumach, lunneric, 
fcatic, and quercitran bark; which afford various colours, accord- 
{ngly as they are comtnned with the cloth, by tlie intervention of 
alamine, or of oxide of Iron, or tin. Thus, with tile aluminous base, 
tfke quercitron bark yields a bright yellow; with oxide of tin, all the 
itadeB, from pale lemon colour to a deep orange ; and with oxide of 
IMb, adrab colour. Witli the addition of indigo, it gives a green. 
"Wl A combination of red oxide of iron, witS the gallic acid and 
llj^ is the principal black colour, which has therefore the same basis 
ifB common wiiting-ink. In calico-printing, white spots, or figures, 
!iM a black ground, are produced, by previously printinfr on the cloth 
itorotecting pasl« of citric acid, thickened with gum or flour. The 
.fii^ to whicn tliis paste is applied do not receive the black dye, but 
imain perfectly white. 

• VL The colouring matter of veptables, besides being; capable of 
feutioDon cloth, may be obtained fn a dry form, in combination with 
^ X bue only. Thus, if to a decoction or infusion, of madder in wa- 
ter, a solution of sulphate of alumine be added, the colouring matter 
I 9 precipitated in combination with the alumine, forming what is 
twiaed a lake. For obtaining this, the following process is given by 
6ir H. Eiiglefield. Put two ounces of Dutch crop-madder into a ra- 
nCo bag, capable of holding three or four times that quantity. Pour 
Mita pint of distilled water, and triturate, in a mortar, as much as 
can be done, without destroying the bag. The water becomes loaded 
*fith colouring matter, and is opatiue and muddy. Pour off this por- 
Uon, aud repeat the operation till no more colour is obtained, which 
*iil generally happen after the 6f(h or sixdi afiiision. Pour these 
wveral washings into an earthen or well-tinned copper pan; and ap- 
l^ly heat till the liquor boils. Let it then be poured into a basin; 
tod one ounce of aJuin, dissolved in a pint of water, be added, and 
mixed by atirrino;. Add an ounce and a half of saturated solution of 
lutMartionate of potash; a violent effervescence will ensue, and the 
calouring matter will be precipitated, Stir tlie mixture till cold, and 
Msh repeatedly with boiling water. About half an ounce of lake 
will be obtained, containing two-fifths its weight of alumine. 

Other lakes may be obtained, of diHerent colours, by the substitu- 
Kon of difterent dyeing-woods ; and from the infusion of cochineal, 
die beautiful pigment called Carmine is precipitated by means of a 
lolutioii of tin. 
» 

. 11.— A a 



I 



B. SUBSTANfES. 



SECTION XIV. 



Tall, Tannin, or the Tanning Principle. 



•..mi 1 

aa the ] 



Tan exists abundantly in the bark of the oak, tlie will 
ID tite g^ll-iiut. The interior bark, nest tu the wood, 
IfLigeat proportion; the ini<ldle and coloured part, tJie next; and in 
tills it is accumpankd with more eiitra*.!. The epidermis affocdsver; 
little. 

1, I'an may be obtained by any of the followiop; processes; bnt. 
according to Sir H. Davy, it is difficult to procute it in a state orper> 
I'ert purity. Indeed, it has been doubted by sevcrnl chemists, and 
especially by Chevreul and Pelletier,* whether tan has ever bceo ob* 
tamed sufficiently pure, to entitle it to be considered as a distinct 
vegetable principle. 

1. Into a strong infusion of nut-ealls, pour the muriate of tin, till 
the yellowish precipitate, which at first falls down abundantly, ceases 
to appear. Wash the precipitate with a small tguantily of distilled 
water, and aDcrwarda add a sufficient quantity of warm water for itl 
solution. From this solution, the oxide of tin is precipitated by ■ 
stream of sulphuretted hydri^en ^s; and the tannin, which reniuiia 
dissolval, may be procured oy evaporation. There is reason, how- 
ever. Dr. Bostock informs me, tn believe that, by this process, tan ik— 
80 much altei'ed as to he scarcely entitled to retain the appellation^ 
and the same remark applies, though perhaps not in an equal degree^ 
tn the, two following operations: 

2i Into a saturated infusion of galls, pour a saturated solution Q^H 
carbonate of potash. Tlie yellowish wnite precipitate, after bcio MB 
washed with a small quantity of water, alTords tan. When thus pre — 
pared. Sir H. Davy observes that tan is not perfectly pure, but con — - 
tains a minute (iroportion of gallic acid, and alkali. 

S. Into a similar infusion, pour sulphuric m- muriatic acid. A pn"^ 
tipitate will form, which must be renlissolved in water, and the ex — 
I'CBs of sulphunc acid saturated by carbonate of potash, Wben^V 
farther addition is made of the alkali, the tan falls down, and ransiK 
be puntied by washing with a small quantity of water. 

It has been discovered by Sir H, Davy, that the ten-a japonica, or 
catechu (which Is to be met witi) under this name In tlie druggiats' 
shops,) is composed of about one half tan, the remainder being a mis- 
tore of extract, mucilage, and earthy Impurities. The purest kind of ' 
tan, we learn from the same authority, may be procured by the ac- 
tion of a small (quantity of cold water on bruised gi'ape seeds. A ' 
substance, lately introduced into medicine under the name of Extract 
of Rhatania, Dr. Bostock is of opinion, consists of tan in a purer fonn 
liian catechn. 

• See 87 Anu. lie Chim, 103, and 47 Pliil. Mag, 7i. 



J procured from galls has been analyzed by Berzelius, and 
P to consist or 

Carbon 41.186 

Oxyi>eR 54J354 

Hydrogen .... 4.18(1 



^ • Tan has tlie followini; properties : 
^ — M^hen evaporated to dryness, it forms a brown friable il 
wiuch has much resemblance Ju its fracture to aloes, a sharp bitter 
jiBSte, and ta soluble in water, but still more readily in alcohol. 

S. From this watery solution all acids precipitate tan. 

S. The alkaline carbonates have a similar enect. 

4. Tile watery solution, poured into one of due (inspissated ani- 
t^al jelly), converts it immediately into a coagufuin, insoluble by boil- 
llu' water, which has the elastic properties ofthe gluten of wheat. 
1^ The solution of gelatine, or jelly, may be prepared for the purpose 
of precipitating tan, by dissolving isinglass in water, in the proportion 
of tea grains to two ounces. The precipitate cor. -sts of 34 jelly and. 
iR tatL An excess of the solution partly re-dissolves it It is this 
property, of forming with gelatine an insoluble compound, not liable 
to putrefaction, that fits tati for Ute purpose of converting skins into 
kather. 

Dr. Duncan, iun., who lias made numerous experiments on tan, in- 
(prms me, that tlie proportion of ingredients in tliig precipitate varies 
veiT con»derably, according to the mode in which it is eBected; and 
dtftt insolubility in water is by no means one of its constant charac- 
ters. In ammonia it dissolves readily. Dr. Bostock, also, has found 
that tan and jelly do not unite in any constant proportion, and tiiat 
^ compound is not, in all cases, insoluble in watcr.t 

In this countjy, a preference ia universally given to oak bark for 
the purpose of tanning, but various other substances alTurd it, as ap- 
pears from the following Table, drawn up by Sir H. Davy, from Ins 
own experiments : 

Table ofJ<irumbers, exhiHting the qmntUu of Tan a^forilM 6y 480/6*. 
ofdtffcretit Barks, which express neanv their relative Values: 

lb. 
Avenge of entire bark of middle-sized Oak, cut in spring ... £9 

of Spanish Chesnut 21 

■ — ~ of Iiciceater Willow, large size ... 33 

■■ of Elm 13 

, of common Willow, large size .... 1 1 

— of Ash 10 

of Beech 10 

of Horse Chesuut 9 




, 1^ n^KtULfS ^VHTAfOas* ' 



ATeraeeoftiitirebark of Sycamore ..,-•- 

of Loinbardy Poriar '. . 

, of Birch . . . . . . 

: of Hazel . . . .-..., 

of BUck Thorn . - • » -J 

'■ of Coppice Oak .... 

of Oak cut in ajtumB . . 

— — — ^^— — ^— of Larch cut in ditto . ■ 
White internal cortical iajers of Osk Bark , . >_ 

The inner cortical layers of all barks Sir H. Davy found (o coutaa 
the greatest proportion of tan. Tlie quantity, also, is greatest at Ac 
time the buds beg;in to open, and is gmallest in winter, and afteri 
cold spring. 

As a general average, four or five pounds of good oak bark arc re- 
quired to form a pound of leather. The operation is most perftst 
when performed slowly; for, if too rapidly eftected, the outer surfste 
of the skin h covered with a coat of leatlier, which defends the interior 
from change. In reneral,9kin8,byhein}; completely tanned, increiM 
■in weight about one-third, the skin and t!ie leather being each gap- 
posed dry. , 

5. Tsa forins, with fecula, or starch, a precipitate whicli is sparing 
ly soluble in cold water, and very copiously in hot water. 

6. With gluten it gives an insoluble precipitate. 

r. It is precipitated by salts with earthy bases, such as the oitntn 
of barvtes, lime, &c, 

8. It is separated also by salts with metallic bases, such as acetate 
of lead, muriate of tin, muriate of gold, sulphate of iron, tartarized 
antimony, and muriate of platinum. 

Green sulphate of iron efi'ects no change in the solution of tan, bat 
the red sulphate occasions a dark bluigh precipitate. This precipitsEe 
differs from gallate of iron, in being decomposed by acicls, tite tan 
beio^ thus separated. An excess or the red sulphate re-dissolves Ae 
precipitate, and aftbrds a black or dark blue liquor. By union witk 
tan, tiie red sulphate is de-«ixidiz«d, the salt becoming the green u!- 
phate, and the oxygen passinfr to the tan. Tan may be oxygentzei 
bv passing streams of oxvmunatic acid through its solution in «afcr> 
Tan is capable, also, of unitinB; with oxide of lead, in different |» 
portions, forming a tannate and eub-tannate of lead.* 

Until within die last ten years, tan had been known only as * P* 
duction of nature; and the processes of chemistry had effected nolMf 
more, than its separation from the various substances, with whidfl 
occurs combir.ed. An important discovery,however, has been madetff 
Mr. Hatchett, of the artificial formation of tan, from substances wMa 
unquestionably do not contain it,but only furnish its elements. H* 
processes for its factitious production are verr numerous; batther 
are arranged, by their author, under tlirce heads: 1st, The syathiM 

■ Beaeliu*, 94 Ma. de Chlm. 319, 



n may be effeeteJ by the action of nitric acid on animal or vege- 

I charcoal; 3illy, By distilling nitric acid from common resin, 

, drain's blond, and various other resinnas substances; 3dty, 

a action of sulphuric acid on eomnton resin, elemi, asaftetida, 

mphur, &£. Ur these vaiiuus piocesses, t shall select the most sim- 

!, referring to Mr. Halchett's very interesting paper for a. fuller 

lietail of the experiments.* 

To 100 L^rains of powdered charcoal, contained in a matrass, add 
an ounce of nitric acid (specific gr. 1.4) diluted with two ounces of 
water; pace the vessel in a sand-heat, and continue the digestion 
till the charcoal appears to be dissolved. A copious dischai'ge of 
nitrous pa will take place. At the end of the second day, it may be 
necessary tn add another ounce, aijd sometimes even a third, of nitric 
acid; and to continue the digestion during five or six days. A red- 
iliah bmwn solution will be obtained, which must be evaporated to . 
tiryoess in a glass vessel; taking care in tiie latter part of the pro-, J 
ces3, 80 to regulate the teiapemture, that tlie acid may be expdiedir' ' 
without decomposing the residuum. A brown glossy substance will ' 
be obtained, having a resinous fracture, and amounting, in weight, to 
116 or 130 grains. This substance has the followinir properties: 

I. It is speedily dissolved by cold water, and by alcohol. 2. It has 
ao astringent flavour. 3 Exposed to heat, it smokes but little, swells 
amch, and aRbrds a bulky coal. 4. Its solution in water reddens lit- 
mus paper. 5. The solution copiously precipitates metallic salts, 
specially muriate of tin, acetate of lead, and red sulphate of iron, 
'rteae precipitates, for the most part, are brown, inclining to choco- 
late, esceptin^g that of tin, which is blackish grey. 6. Gold is preci- 
pitated from its solution in a metallic state. 7. The earthy salts are 
precipitated bv it. 8. Gelatine is instantly precipitated from water, 
in the state of coagulum, insoluble both in cold and in boiling water. 

TTie identity of this substance with tan can, tiierefore, be scarcely 
doubled, since the two bodies agree in having the same characteristic 
properties. The only essential circumstance of discrimination, is, 
that the natural tan is destroyed, while the artificial ia produced, by 
Ihe agency of nitric acid; and that the artificial substance, even when 
formed, powerfully resists the decomposing action of this acid, which 
readily destroys natural tan. Even, however, among tlie different 
varieties of the natural substance, Mr. Hatchett found essential differ- 
ences in the facility of destruction by nitric acid. Those of oak bark 
and catechu are less destructible; and, in general, tlie varieties of tan 
lean to be less permanent, in pioportion to the quantity of mucilage 
which they contain. Infusions of factitious tan differ, also, it has 
been said, from those of the natural kind, in not becomin* mouldy by 
keeping. 'I'his character, however, is not confirmed by Dr. Bostock, 
who has observed the artificial tan to mould. 

The artificial -substance ia a purer variety of tan than the natural 
one; inasmuch as it is perfectiy free from gallic acid, and from ex- 
i, bo^ of which are always present in tliu laittr. The pi'opertiei|| 
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nf the factitious compound vary a Iitt1«, according to the n 
preparation, princiiially in the colour of tlie precipitates, which it d( 
rates from met&llic solutions. Those elfected bj tan, formed by $ 
cesses of the first class, are always brown, aud by the second, pale « 
deep yellow. 



SECTION XV. 
ITax. 

Tt was long supposed that bees' was is merely tlie dust of the tbh 
mina of plants, unchanged by any process in the economy of that uil- 
mal. This opinion, liowever, lias been lately shown by Huber* to be 
erroneous; for bees, he has proved, continue to form was, when sup- 
plied witli only raw sugar or honey. Little doubt, therefore, can ei&t 
that sugar contains all the pnnciples of was; and that wax is the re- 
sult of a new combination of those principles, effected by the animal. 

At the same time, it is equally well established, that was is also ■ 
product of vegetation. It Inrms the varnish, which is conspicuous OD 
the upper leaves of many trees, and may be extracted by fii-st remoT- 
in»;, by water and alcohol, from the bruised leaves, every thing thatic 
soluble in those fluids; then macerating tlie remainder with liqiui 
ammonia, which dissolves the wax, and lets it fall on the subsequent 
addition of sulphuric acid. Wax exists, also, in the substance called 
lac, in combination with colouring matter; and is obtained, in conu- 
derable quantity, from the berries of the Mp-iea Cerifera, by the 
simple process of boiling them in water, and bruising them at 1^ 
same time. The wax melts and rises to the surface in the form ofa 
scum, which concretes on cooling.t 

In its ordinary state, wax of every kind has coosidenible colour 
and smell. It may be deprived of both, by exposing it, in thin laml- 
nie, to the action of the light and air, or still more speedily by ojy- 
muriatic acid &a. When bleached, it has the following properties: 

1. Its specific gravity is about .960, water being 1.000. When 
heated, it melts at about 155° Fahrenheit, or at about 7" hiEber thin 
unbleached wax, and forms a transparent fluid, which gradually >e> 
quires consistency, til\ at length it returns to a solid rtate. If tlie heat 
be raised, it boils; and a portion distils over. By a still higlier heat^ 
it is decomposed, and a quantity of ulefiant and hydrocarburct gasel 
is developed. The residuum of charcoal bears ouly a small pmpor* 
tion to the wax which has been decomposed. From the results of it* 
combustion, Lavoisier has inferred that wax consists of 





KVl. BITTE& PRINCIPLE. 

iar LusBBC and Then&rd, by an improved method of aDalysls, 
e lately shown it to consist of 

Cariwn 81.r84 

Oxygen . 5.544 

Hydrogen ia.672 

100. 

■ Of the hydro^n, part only U sufficient for the saturation of the 
gen: and besides this there are 11.916 !n excess. 
. Wan is insoluble in water. 

^^. Boilios alcoliol dissolves about one-twentieth its weight of wax, 
r-fifths of which separate on cooling; and the remainder is imme- 
iely precipitated by the addition of water. Boiling etiier dissolve! 
Hit one-twentieth of its weight 
I. Caustic tixed alkalies convert it into a saponaceous compound, 

l^uble in warm water. A heated solution of ammonia dissolves it, 
i forms a kind of emulsion. On cooling, the wax rises to a surface 

■ flocculi. 

.Myrtle war, it appeai-s from the experiments of Dr. Bostock, dif- 
s from bees' wax in being more fusible (viz, at 109' Fahrenheit,} 
and in being soluble, to a sreater amount, both in ether and in alcohol. 
The v^table was from Brazil, though it appears, from tlie experi- 
ments of Mr. Brande, to possess the principal characters of common 
wax, differs from it in some properties, and also from myitle wax.' 



SECTION XVI. 



The Bitter Principle. 

Tue bitter taste of certain vegetables appears to tie owing to the 
presence of a peculiar substance, differing from every odier in its 
chemical properties. It may be extracted Trom tlie wood of quassia, 
the root of gentian, the leaves of tJie hop, and several other plants, by 
infusing thein for some time in cold water. The characters of this 
substance have been attentively examined by Dr. Thonuson, who enu' 
merates them as follows.! 

1. Wlien water, thus impregnated, is evaporated to dryness by a. 
very gentle heat, it leaves a brownish yellow substance, which retains 
a certain degree of transparency. For some time it continues ductile, 
but at last becomes brittle. Its taste is intensely bitter. 

3 When heated, it softens.swelts, and blackens; then bums away 
without Ham iug much; and leaves a small quantity of ashes 
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VEGETABLE SUBSTANCES. 

S. U is very soluble In water, and in alcohul. 

4. It does not alter blue vegetable colours. 

5. It is not pi-ecipitatcil by lite wittcry sulution of liii 
or strontites; nor is it changed by alkalies. 

6. Tincture of galls, infusion of nut-galls, and ^llic 
no eHect. 

7. Of Ihe metallic salts, nitrate nf silver and acetate of lead an I 
the only ones tliat tlirow it down. The eflect of nitrate of BilvercAn- | 
not be ascribed to the presence of muriatic acid, since nitrate of teai^ 'i 

(ifoduces no change in the solution. The precipitate By acetate ti I 
ead is very abundant; and that salt, tlierelore, atlbrdB the best tflSt 
for discovering the bitter principle, provided no other substances be 
pregent, by which, also, it is ilecomposed. 

From recent experiments of Mr. Hatchett, it appears thai tli« bit- 
ter principle is formed, along uith tan, by ttie action of nitric acid on 
indigo. Mr. Donovan hus also composed it by the action uf sironc 
nitric acid on un eijual weight of su;?ii'. IntJie residual matter, which 
is thick and tenacious, iu presence is disguised by the ^uu mess of 
the malic acid, but becomes scnaible when tiiis is neutralized by liiae. 
This bitter principle, he conceives, may exist in unri|>e fruits, bb(I 
may afford, accordingly as it is modified by vegetation, vithcr sugar or 
vegetable acids.* 

Another modification of the bitter principle has been extracted, bw 
M. Chenevis, from unroasted colfee- The mfuaion of the berries wm 
mixed with muriate of tin, when a precipitate appeared, which was 
well washed, then diSiised through water, and fleoompo^ied by «t\w 
phuretted hydrogen gas, which carried down the tin. T\\e remaining 
liquid, evaporated to drynesss, mive a semi-transparent substance not 
unlike horn. This substance did not attract inoiature from tlic air, ', 
was soluble in water and alcohol ; and the solution, on adding alkali. . h 
became of a garnet red. Solution of iron gave it a line green tinge, or, ^ 

when veryconcentrated, threw down agreen precipitate; and muriate i 

of tin occasioned a yellow sediment Lt was not aRecteil by solution a[_^ 
animal gelatine. ' 

The bitter principle may, also, be fonued by artificial procussesi — ■ 
chieflv by the action of nitric acid on animal and vegetable 8ubstanci(t_-ii 
WellJier obtained it by digesting silk with nib'ic acid i and iit, 
Hatchett has formed it from the same acid and indigo, lis colour b 
a deep yellow, and its taste intensely bittet'. It is soluble in water 
and alcohol, and is susceptible of a regular crystalliy^d form. It 
unites with alkalies, and composes crystal I izable salts. Its compouad 
of tliis substance with potash detonates whpn struck witli a hammer, 
and inflames like gunpowder when thrown on hot charcoal. On th9 
whole it appears better entitled lo rant as a distinct principle, tlian 
that which is extr.icted, by infusion, from vegetables. 
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SECTION XVII. 

Mircotic Princifile^^Morfihine: 

Opium, and other vegetable products possessed of narcotic^ 
l^wer, are composed of several of the vegetables principles that 
have already been enumerated. ^Besides these, however, they con- 
tain a peculiar one, in which the narcotic virtue resides. Its pre- 
paration and chemical qualities have been investigated by Oerosne, 
whose memoir is published in the 45th volume of the Annales de 
Chimie. 

J. To obtain the narcotic principle from opium by the process 

of Derosne, let water be digested upon it, and the strained solution 

be evaporated to the consistence of syrup. A gritty precipitate 

will begin to appear, which is considerably increased by diluting 

the liquid with water. This consists of three distinct substances, 

x^sin, oxygenized extract, and the narcotic principle Boiling alco* 

laol dissolves the resin and narcotic principle only; the latter fallft 

«^own in crystals, as the solution cools; still, however, coloured 

"%^ith resin. The crystals may be purified by repeated solutions and 

^crystallizations. 

II 1. The narcotic principle, thus obtained, is white. It crys- 
'^'allizes in rectangular prisms with rhomboidal bases. It is destitute 
-^of taste and smell. 

3. It is insoluble in cold water, but is soluble in 400 parts of 
^B>oiling water, from which it precipitates again as the solution 
-^^ools. When thus dissolved, it does not affect vegetable blue 
colours. 

3. It is soluble in 24 parts of boiling alcohol, and in 100 of 
cold alcohol. Water precipitates it, in the state of a white 
powder. 

4. Hot ether dissolves, but deposits it on cooling. When heated 
in a spoon, it melts like wax. 

5. It is soluble in acids, and precipitated by alkalies. With nitric 
acid it dissolves, and becomes red; and much oxalic acid is formed;^ 
a bitter substance remaining. 

6. It may be combined with water and alcohol, by the interven- 
tion of resin and extract, the presence of which seems originally to. 
Fender it soluble in those fluids. 

Mor/ikine or Morfihi(u 

A more complete investigation of the narcotic principle has since 
been published by M. Sertuerner, of Eimbeck in Hanover, who 
has shown that the substance, described by Derosne, is a compound 
of a peculiar base (morphine) with an acid^ existing, j$o far a^ i^ 
known, only in opium. 
Vol. II.— B b 
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194 VkeXTABLE SUBSTAiMM. 

I 

The following process is the one practised bjr Serti 
obttuning Morphine.* Rub together in a mortar eifjht 
powdered opium, two or three ounce measures of acetic acid) 
a little cold distilled water; then add two or three pints of watei^ 
end strain the liquor. Add to it a solution of ammonia, and evapo* 
rate the liquor to one fourth. The morphine is precipitated, and 
may be separated by filtration. The liquid part is a compound of 
;unmonia with the acid ingredient of opium. 

Another method of separating morphine has been recommended 
by Robiquet.t A concenlraled solution of a pound of opium to 
water is to be boiled with lo or 12 drachma of carbonate of map 
nesia, during a quarter of an hour. A grayish deposit is formed »i 
considerable quantity, which is to be washed first with cold wateri 
and next with hot and weak alcohol, which takes up a small quao- 
tity of morphine and much colouring matter. It is afterwanb 
\yashed with a little cold and concentrated alcohol, and then boiled 
with a sufficient quantity of the same fluid, which, at that tempers 
turc, dissolves morphine. On cooling, it is deposited a little colour- 
ed; but by repeating the operation three or four times, it may 1» 
obtained colourless, and crystallized in regular parallelopipeds with 
oblique faces. 

Pure morphine dissolves in boiling water only in small propgiv 
tion, but is very soluble in heated alcohol and ether, and the salu- 
(ions are intensely bitter. ' he watery and alcoholic solutions afied 
test papers tike an alkali, and Robiquet thought this property iii«t 
distinct in morphine prepared by the intervention of magneail,' 
which, from its complete destruction by burning, could not contiilt 
any proportion of that earth. It forms neutral salts with acids, SDd 
appears therefore to approach most nearly in its characters to B 
ulkall, which it also resembles in decomposing the compounda of 
acids with mctaUic oxides. 

Morphine fuses at a moderate heat, and resembles melted ai- 
phur. On cooling from this stale, it ciystallizes. It unites irith. 
sulphur, but is incapable of forming soap with an oxidized oil. 

Its effects on the human body are those of a violent puison. 
Three half grains, taken in succession with intervals of half U 
hour by the same person, produced violent vomiting and alarming 
faintings. 

Anotlicr ingredient of opium is the meeonic acid, which, accord- 
ing to Robiquet, is best obtained from the residuum of the magne- 
sian salt, which is left undissolved by alcohol in the process for 
extracting morphine. This residue may be dissolved in very werii 
sulphuric acid, and to this solution muriate of barytcs may be added. 
A rose-coloured precipitate falls, consisting of sulphate and me- 
conate of harytes. This is to he digested a considerable time wifll 
hot sulphuric acid largely diluted. When the littered liquor b 
sufficiently reduced by evaporation, the meeonic acid shoots, evoo 
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PSIMfllFLE — MOKPHins. I 

' before cooling, into coloured crystals. To obtain it pure, it m 

be washed wilii a small quantity of wEiier, then dried, and sublimed 
I at a gentle heat. 

This acid is fusible at a temperature considerably above that of 

L boiling water. It reddens vegetable blues, and is extremely solu- 

" "e in alcohol and in water. Its diBtinguishing character is, that it 

intensely red colour in solutions of iron oxidized to 

e maximum. Sertuerner did not find that when taken into the 

s capable of producing any of the effects of opium. 

i The salt of Derosne, it appears from the experiments of Robi- 

t, is not a compound of morphine and meconic acid. The wa- 

' solution of opium, freed from morphine and meconic acid, 

Intains another acid characterized by a different train of proper- 

which may be separated by a process somewhat circuitous" 

s acid is not volatile, and has no peculiar action on the salts V 

. With morphia it aflbrds salts that are readily soluble in aico- - 

I and in water. Morphium and the salt of Derosne appear from 

: experiments of Robiquet to be both ingredients of opium, 

jch are different and independent of each other. 

IkBeeidc the ingredients which have aJready been menttonedt 

t contains extract, which forms with moiphine a compuuiid 

it insoluble in water, but very soluble in acids. A considera- 

{I proportion of resin, and a small quantity of caoutchouc, enter 

Tt into the composition of opium. These are entirely destitute 

eproperties, when received into the stomach They re - 

tiia af^er acting on opium first with water, and afterwards with 

triatic acid. When the residue is digested with alcohol, the re- 

luUB matter is taken up; and from the remaining mass, which 

B resisted the action of alcohol, tlie caoutchouc may be extract- 

i'by rectified ether. 

^'inctures of opium, it is observed by S ertu em er, should bcpre- 
d with pure alcohol, and kept in a place which is not very cold; 
biB tow temperature precipitates morphine. The addition of a 
' "e acetic acid prevents tliis ini 
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SECTION XVIII. 

Suier and iia Acid, 

I'ris name is used to denote common cork wood, which appears 
fbe possessed of peculiar properties, especially in its relation to 

, To a quantity of cork, grated into powder, and contained in 
ubulated retort, add six limes its weight of nitric acid, of the 
iciiic gravity 1.261; and distil the mixture, with a gentle beat, 

* Ann. de Chinl. et Pliya. v. p. 3Ri. 
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fks loni; as any red vapours escape As the rliRt illation advartces^B- < 
yellow matter, like wax, appears on the surface of the liqum^d 
While the contents of the retort continue hot, they are to he pot^^XA 
ed into a glass vessel, placed on a sand-bath, and constantly stirr-^Etf 
with a glass rod, by which means the liquid gradually becocnei 
thick. As soon as white penetrating vapours appear, let it be re- 
moved fi-oni the sand-balh, and stirred till it becomes cold. An 
orange -co loured mass will be obtained, ofthe consistence of faonctfr 
having a strong and sharp odour while hot, and a peculiar aromatic 
smell when cold. On this, ponr twice its weiglit of boiling watei; 
apply heat till it liquifies; and filter. The filtered liquor, as it cools, 
deposits a powdery sediment, and becomes covered with a thin 
peUicle. The sediment is to be separated by filtration; and thfi 

»ild reduced, by evaporation, nearly to dryness This ntassia 
suberic airid. It may be purified, eillier by saturating it with 
<,kaJi, and precipitating by an acid, or by boiling it with charcoal 
owder. " 
II. Suberic acid has the following properties: 

1. It is not cry stalliz able. 

2. It has an acid and slightly bitter taste; and, when dissolvcA 
ip boiling water, it acts on the thi'oat, and excites coughing. 

3. It reddens vegetable blues, and changes the blue solution of 
indigo in sulphuric acid to green. 

4 Cold water dissolves about Troth its weight, and boiling Win- 
ter half its weight. 

5. It attracts moisture from the air. 

6. WhenheatedinamatraBs, it sublimes, and is obtained ii 
centric circles, composed of numerous smalt points. 

7. With alkalies, earths, and metallic oxides, it foi-ms a 
salts called Suberates. 

The action of nitric acid on cork, and the properties of the subc' 
lie acid and its compounds, have been lately investigated by Che^ 
reul, whose memoir may be consulted m the 33d volume oFNidj 
son's Journal. 
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Trough bitumens, on account of their origin, are, with more 
propriety, classed among mineral substances; yet, in chemical pro- 
perties, thoy are more closely allied to the products of the vcgol&- 
ble kingdom. Like vegetable substances in geneial, they burn in 
Ihe open air, and with a degree of brightness that surpasses even 
that of resins. By distillation fier »e, they yield a weak acetic acid, 
ftn cmpyrenmatic oil, some ammonia, and a considerable quantity 
of carbureted hydrogen gas, with occasionally a small proportion 
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of carbonic acid and sulphureted hydrogen. They are neither solu- 
ble in water nor in alcohol, and in the latter respect they diflPer 
from, resin. There can be little doubt that they have been formed 
originally by the decomposition of vegetables. 

The bitumens have been divided into liquid and solid. Formerly 
it was supposed that the liquid bitumens had been derived, by a 
sort of natural distillation, from the solid; but Mr Hatchett has 
rendered it more probable that the solid bitumens result from the 
consolidation of the fluid ones.* 

The bituminous strbstances are Naphtha, Petroleum, Mineral 
Tar, Mineral Pitch, Asphaltum, Jet, Pit-Coal, Bituminous Wood, 
Turf, and Peat. To these some writers have added Amber and the 
Honey Stone. ' 

Naphtha is a substance well known to mineralogists as a light, 
thin, often colourless oil, highly odoriferous and inflammable, 
which is found on the surface of the water of certain springs in 
Italy, and on the shores of the Caspian sea. It has a penetrating 
but not disagreeable odour. Its specil'ic gravity is about .708, or, 
according to Brisson, .845. Saussure found its specific gravity in 
its natural state to be .836, after one rectification .769, and after 
two .758; after which it could not be rendered lighter. It does not 
congeal at 0® Fahrenheit. 

Naphtha is highly inflammable, and bums with a penetrating - 
smell and much smoke. It may be distilled without alteration. By 
long exposure to the air it becomes thick and coloured, and passes 
to the state of petroleum. The addition of a little sulphuric or 
nitric acid produces the same change more speedily. It is not 
miscible either with water or with alcohol, unless the alcohol be 
■quite pure, and then the two fluids unite in any proportion. 

Naphtha appears to 'be the only fluid we are acquainted with, in 

which oxygen does not exist in considerable proportion. This cir- ^ 

cumstance renders it of great use in preserving the new metals 

discovered by Sir H. Davy. When recently distilled, they have no 

action on it; but in naphtha that has been exposed to the air, these 

metals soon oxidate; and alkali is formed, which unites with the 

naphtha into a kind of brown soap. When carefully rectified, 

Saussxire did not find that it was at all altered by being kept three 

years in vials half full. 

Its boiling point is 186** Fahrenheit. The density of its vapour 
is 2.833, air being 1. A mixture of this vapour with common air 
burns like carbureted hydrogen gas. By the detonation of its va- 
pour with oxygen gas^ Saussure determined the composition of 
oaphtha to be 

Carbon . . . • 87,21 

Hydrogen ....... 12,79 



100. 
* Linnaean Transactions, 1797. 
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It appeal's therefore to contain rather more cai'bon than is 
sent in olefiant gas." 

Petroleum ia conuderably thicker than naphtha, and 
greasy feel, II is eitlier wholly or in part transparent, an 
reddish brown colour. Its specific gravity is .878 

When distilled fler se, a portion of colourless naphtha 
obtfiined; then an empyrcumatic acid liquor; nest a thick b 
oil; and a portion of black shining coal remains in the re' 

Petroleum is highly inflammable. Sulphuric and ni 
convert it into a thick bitumen; and exposure to the air 
the same effect more slowly. It has the property of ci 
with fat and essential oils, with resins, camphor and sulphur; i 
when rectified, it dissolves caoutchouc. 

Mineral tar is thicker and more viscid than petrolei 
X reddish or blackish brown colour. In chemical properties il 
jtcmbtes petroleum. 

The solid bitumens arc Maltha, Asphaltum, and Elastic ] 
men or Mineral Caoutchouc, besides the several varieties of ^ 
and Peal 

Maltk\ or MiNF.KAi. PITCH has 9 brownlsh black colonri ^ 
little or no lustre. It is so soft that it is impressed by the n 
does not stain the fingers. Its specific gravity is from 1.45 
It is extremely inflammable, and bums with a bright flame, lei 
«aly a small quantity of ashes, 

AspHAi,ri'M is brownish black In its colour, is brittle, ^ 

and does notstain the fingers. Its specific gravity varies from 1 ,07 5 
1.66. It is extremely inflammable, and burns with a yellow flame. 
By distillation per ae, it yields a light brown oil resembling naph* 
tha, a portion of water impregnated with ammonia, and a quantity 
of carbureted hydrojjen gas. It has been" analyzed by Klaproth, 
whose accounts of it may be seen in the second volume of his 
" Contribti^ons." 

The appropriate solvent of asphaltumin naphtha, of which il 
requires five times its weight. The solution is of a deep black co- 
lour, and forma an excellent varnish. 

Elastic bitumen or mineral caoutchouc is a rare production 
of nature, and has hitherto been found only in Derbyshire It ■& 
inflammable, and burns with much smoke. By a gentle heat it is 
melted and converted into petroleum, maltha, or asphaltum. It 
resists the action of solvents. 

Retikaspbaltum la also a rare production of the same county. 
It has no elasticity; but is brittle, and breaks with a glassy fracture. 
Its colour is pale ochre yellow; its specific gravity 1.135. It melts 
on the application of heat, and burns \vith a bright flame. It is par- 
tially soluble in alcohol, potash, 'and nitric acid. One hundred 
parts contain 55 resin, 41 asphaltum, and 3 earthy matter. 
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*^PiT-co\i. is a general terra, applied to several distinct varieties 
F Ofminerals. They have been divided into the three families of 
I brawn coal; black coal; and glance coal or mineral carbon. 

Broinn coal is only imperfectly bitumcnizcd, and eshibita, dis- 
tinctlyi the remains of the vegetables, from whose decay it has 
onginated, It is brown, opacjue, somewhat flexible and elastic, and 
aearly light enough to float on water. It burns with 'a clear flame, 
And with a bitumcnous odour mixed with that of sulphur. In the 
>tiodc of its combustion, as well as in its external appearance, it 
tkears a considerable resemblance to wood that has been half 
diaired. 

Black coal is the substance which is commonly applied to the 
purposes of fuel. It shows no remains of the vegetables from which 
It has originated; but appears to be a compound of bitumen and 
charcoal; and according to the proportion of these two ingredients, 
Its properties vary considerably. The best kinds melt on the appli- 
cation of a moderate heat, and burn almost entirely away, with a 
clear bright flame. By distillation, Uiey yield a quantity of water 
holding carbonate and sulphufet of ammonia in solution; a largo 
proportion of tar is obtained, which, by evaporation and fusion, 
forms a kind of asphElltura; and an immense production takes place 
of heavy carbureted hydrogen gas, which may be advantageously 
applied to burning in lamps. In the retort, a hard heavy charcoal 
remains called coak. It contains generally a good deal of aul- 
idiur: and emits, during combustioni a suflbcating smell of sul- 
pliurous acid. 

Glance coal appears to consist of almost pure charcoal without 
any bitumen, and combined with only a proportion of earth. It is 
common in some parts of tliis kingdom, where it is known by the 
munc of sione eoal. It burns with little or no flame; and, when 
submitted to distillation, yields no tar, and a carbureted hydrogen 
gBB, which, from its inferior density, cannot be advantageously 
burned in lamps. 

In PEAT or TUHF, the remains of vegetable organization arc 
generally very evident; and it consists, indeed, in a great measure, 
of fibres of several mosses, with occasionally whole branches, and 
«vcn trunks, of various trees. It is extremely inflammable in the 
open air; and, when distilled in close vessels, yields products simi* 
l»r to those of coal. The gas, however, which is evolved, ap- 
proaches more in its characters to carbonic oxide than to carbu. 
reted hydrogen. In an excellent account of this substance, given 
by Mr. Jameson in his Mineralogy of the Shetland Isles, peat is 
said to contain the suberic acid. The sulphates of iron, soda, and 
magnesia, are, also, occasionally found as ingredients of peat; and, 
when in considerable proportion, impair its combustibility. 

Mellilite or hdnev-htonf., so called from the resemblance of 
its colour to that of honey, is a very rare production, and has been 
found, accompanying brown coal, in a very few parts of the conti- 
nent. It is cotksumed when ignited in the open air, but without 
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flame or smoke. When long boiled in water, it yields 
which, on being concentrated and mixed with alcoliol, bei 
pitchy. By coutinueil trituration, however, it is dissolved, wi 
exception of some earthy flocculi. The clear liquid, decanted and 
evaporated, yields a brownish saline massi from which, by twft ' 
successive evaporaliuns and solutions, needle-shaped crystals art 
obtained These are the pure mellitic acid. 

The taste of this acid is sweetish, and at the same time soup, , 
with some bitterness. It Is combustible when ignited in the ait; 
and is decomposed by nitric acid, without the production of mijr. 
osalic acid. Dropped into the watery solutions of lime, barytea,QH 
strontites, it gives a precipitate, which is soluble in muriatic acid> 
With acetates of barytes and lead, and nitrates of mercury and. 
iron, it gives pi'ecipitatcs, which are soluble in nitric acid. Tt 
neitirulizes llic tbrce alkalies, and aflbrds with tliem crystallizablc^ 
salts. 
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SECTION XX. 

Oflhi: Vrgclable Princi/iUa of Asparagus, Elni-lree G; 

/la/ie, Muahroomn, Saffron, and Coceulus ladicua. 

By an attentive examination of the products of vegetation,^ 
new substances have been discovered, the properties of wbuT 
not agree with those of any that have been the subjects of lh« 
ceding sections. Hitherto, however, they have scarcely I 
much investigated, as to entitle them to rank as distinct apecUn 

1. .d«/iaragin. From the juice of asparagus, concentrated \ 
Bvaporation, Messrs. Vauquelin and Robiquet observed a conu- 
derable number of crystals to separ&te spontaneously.* Of thec4 
some became, after repeated crystallizations, perfectly wliite aiijl ' 
transparent. They were cool and slightly nauseous to the tatt^ I 
were soluble in water; and neither affected the re-agents for and)' 
nor alkalies. The infusion of galls, acetate of lead, oxalate of aqb*' 
monio, muriate of baryic.a. and hydro-sulpburet of potash, produofti 
no change in the solution; and no ammonia was disengaged bf 
potash. When burned in a platina crucible, they swelled up and , 
emitted penetrating vapours, which affected the eyes and noaelLkft 
Ihe smoke of wood; and left a large proportion of charcoal, in wliicb ! 
no traces of alkali could be discovered. Towards the close oftbO' 'i 
decomposition, an odour arose similar to that of animal matter, ami i 
inclining, also, to that of ammonia. It appears, therefore, that thi4_j 
substance, though cry stall izable, cannot be considered as a nculfBjfi, 
salt; for it contains neither alkali nor earth, Like otlier vegetable I 
matters it appears to consisiof hydrogen, oxygen, and charcoal^i 
proportions not yet determined, with perhaps some nitrogen (j 



^ NicLolsao's Journal, i 
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iiK. In Uie year I803, KUproth received from Palenno, 
P^ubBUnce which exudes spontaneously from a species of elm, 
' ■ h, in external characters, bore a considerable resem- 
I gum. It dissolved in a small quanlity of water, and 
_ ive a transparent solution of a blackish brown colour, which waft 
Bol, however, mucilaginous, and could not be applied to the pur- 
pose of a paste Nitric acid precipitated from the solution a light 
brown substance, which was soluble in alcohol, though the i^um. 
itself resisted that solvent. Oxymuriatic acid produced a sinjilar 
«ffect. The property, of producing a resin by the addition of a 
Hide oxygen, is peculiar to this substance, and sufiiciently charac- 
teristic. Dr. Thomson has proposed for it the name of Vtwin: 
•ad he and Mr. Hmithson have recently paid much atientinn to 
the investigation of its properties." It appears to be a very conf 
non vegetable product, exuding from various trees, and existing, 
Kccordiug to Berzelias, in the bark of most. When pui'e, it is 
tasteless; .sparingly soluble in water and in alcohol; not precipi- 
tated by acids, gelatine or tan; and very soluble in alkaline carbo- 
Bstee, from which it is separated by acids and metallic salts 

3 Inudn, When the roots of the Uitila /leleni' m or elecampane 

are boiled some time in water, the decoction, after standing some 

hours, deposits some white powder like starch, but diflering in il» 

eheniical qualities. Hose, who was the first person that investi- 

^ted its properties found Ihat it is insoluble in cold water, but 

L that it reaitily dissolves in four times its weight of boiling water 

k into a liquid which is somewhat mucilaginous and not quite trans- 

■\ parent. After some hours, the substance precipitates from the 

M *Rter, in the form of a white powder; and it may also be thrown 

I down by alcohol. When placed on burning coals, it melts as rea- 

r 4ily as sugar; emits a similar smell; and is consumed, leaving « 

•ery small residuum of charcoal. When treated with nitric acid^ 

it yields oxalic and malic acids; or acetic acid if too much nitric 

a^cid be employed. It differs, however, from gum in not afford- 

isig, by this treatment, any saccholactic acid; and from starch 

^Isesides separating spontaneously from hot water), in yielding 

Avne of the waxy matter, which is formed when starch is digested 

■*»»■ ith the same acid. 

Iniilin has since been examined by M. Gaultler de Claubrf, 
^irho has pointed out the following characters as discriminating it 
^i^m fecula or starch. It is much more soluble than starch in hot 
^««ater with which it docs not form a jelly, but is deposited on 
<:«oling in the form of a white powder. It dissolves, also, in four 
«»T five times its weight of water at 140" Fahrenheit, and the solu- 
"•Son, when evaporated, becomes viscous, but not gelatinous. With 
iediuE, it forms a greenish -yellow compound, which is sponta- 
neously decomposed, in part at least, in a short spi 



* See his Annals of Pbiloa. vols. 1 and 2; and Mr. Smitbaoo's paper, 
fram. 1813. 
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The inulin remains lightly colourect yellow, and retains a portion 
of iodine. Mnriitic acid, as well as solutions of pure nlkultea, 
render starch gelatinous, but dissolve inulin without giving my 
jelly. Concentrated sulphuric acid, which carbonizes starch, Rod 
is at the same time converted into sulphurous acid, dissolves imi- 
Un without any extrication of sulphurous acid; and the inulin may 
be precipitated by ammonia. These properties appear to be suf- 
liciently characteiistic to entitle inulin la be considered as a dis> 
tinct vegetable substance. To obtain it in a state of purity, M. 
de Claubry recommends to boil the roots of elecampane in a suf' 
ficiently large quantity of water; to filter the liquor, and to evapo- 
rate it to the consistence of an extract, wliich is to be washed 
witli cold water. From the washings, there falls a considerable 
quantity of inulin, which is to be gently dried, not however on fil- 
tering paper, as it adheres to this too firmly to be got off.* 

4. Fungin, This substance has been extracted by Braconnott 
from the fleshy part of mushrooms. It may be obtained by wash- 
ing off the soluble ingredii-nls with hoi water, to which a little al> * 
kali has been added. There remains a white, insipid, softrvnd 
but little elastic substance, (t has a fleshy structure, and is in a 
high degree nulrilious, and free from deleterious properties. 
When dry, it bums vividly, and emits an odour resembling that 
of bread. By destrticlive distillation, it yields ammonia, and not 
an acid like wood It diners, also, from lignin, in being insoluble 
in alkaline solutions, except when they are heated and very strong. 
Pure ammonia dissolves a portion of it, but deposits it on expo- 
Weak sulphuric acid haa no action on fungin. The concen- 
trated acid chars it, and sulphurous and acetic acids are formed.' 
Muriatic acid dissolves it slowly, and converts it into a gelatinou& 
matter. When heated with diluted nitric acid, azotic gas is disen- 
gaged. In this property, and in the results of ita putrefaction, as 
well as in yielding ammonia on distillation, it approaches very 
nearly to animal substances. 

5. Folyehroite. This name has been given, by Bouillon La- 
Grange and V'ogel, to the extract of saffron prepared with alco- 
hol. It has a very intense yellow colour, a bitter taste, and as 
agi^eeable smell. It is soluble in water and in alcohol; and the ao- 
lutbn, by exposure to^ light, gradually loses its colour, which ia 
destroyed, also, by oxymuriaUc acid. A lew drops of sulphuric 
acid change the colour to a beautiful blue; and nitric acid, added 
in like manner, to green. 

Polychroitc unites with lime, potash, and baryles, and afibrda 
wilh those bases soluble compounds. Sulphate of iron precipi- 
tates it of a dark brown colour. By destructive distillation, it 
yields an acid liquor containing ammonia, and carbonic acid and 
carbureted hydrogen gases. 
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6. Pieroioxine. This principle is the one which communicates 
to the eacculua indicua its deleterious properties. Boullay obtain- 
ed it, from that seed, by the following process. The seeds, de- 
prived of their pericarp, were boiled in a buflicicnt quantity of 
water; and to the decoction acetate of lead was added, as long as 
aaj precipitate was occasioned. The liquid was again Rllcred, 
and slowlj- evaporated to the consistence of an extract, which was 
lUasolved in alcohol, and the solution evaporated to dryness The 
dry mas6 consisted oC picrotoxine, mixed with a little colouring 
matter, the latter of which was separated hy a very small qtiantity 
»f water, and the picrotoxine remained in small crystals. Its pro- 
perties are the following: 

1. It is white, and crystallizes in four-sided prisms. Its taste 
U disgustingly bitter. One hundred parts of boiling water dis- 
Bolve four of picrotoxine, and one half separates on cooling; The 
aolution does not affect vegetable blues 

2. Alcohol of the specific gravity 810 dissolves one thirl its 
weight of picrotoxine. The addition of a little water throws down 
K precipitate, which a larger quantity redisaolvea. 

3. Sulphuric acid has no remarkable action on it. Nitric acid 
dissolves it, and affords a yellowish green solution When faeat is 
■pplied, oxalic acid ia formed. Acetic acid readily dissolves it, 
ajid it is precipitated by carbonate of potash, it is soluble, also, 
m weak solutions of the pure alkalies. 

•.,,■4 The results of its destructive distillatioD do not tnateiially 
differ from those of other vegetable matter. 

' -iT. JVicoim. This is the principle in which reside the active 
ptoperties of tobacco (nicotiana,) from the juice of which it ma]r 
be extracted by the following process of Vauquelin.* Evaporate 
the expressed juice to one fourth of its bulk, and pour olf the 
fluid from the gritty matter which separates on cooling. Repeat 
this operation as often as any similar deposit takes place; and, 
when the fluid is so much inspissated that nothing farther can fall, 
digest it in alcohol. Distil off the alcohol, and concentrate the re- 
aidual matter to dryness by a very gentle heat. Dissolve this again 
in alcohol, and again reduce it to a dry state In this state, it atill 
contains both acetic and malic acids; it must therefore be dissolv- 
e<i in water, and very cautiously saturated with potash. When this 
liquid is distilled to dryness, a solution of nicotin passes into the 
receiver. By dissolving the residual matter in water, and again 
disIiUingi repealing this process several times, the whole of the 
nicotin may be obtained in aqueous solution. This solution is co- 
lourless; has the peculiar smelt of tobacco; and occasions violent 
sneezing. Its taste is acrid, and it possesses poisonous qualities. 
According to Vauquelin it is precipitated by tincture of galls, and 
il approaches most nearly in its properties to the volatile oils. 
;, 6, PoUenin. The pollen of tulips was ascertained by Frofeasor 
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Wn to contain « pecpofiar lubttance, wtdck was aff^ ftvt confiniAd- 
od with albamen; but to which he has since given the name of p4«^ 
^ lenin* ft 'is- insolable in alcohol, ether, water, 'oD of tarpeadiMi 
"^ naphtha, carbonated and* pur^ alkaGn; i^ when distilled yiatil 
avnmoiiia and mi acid Hquor. It has a yeSow colour, and is desd* -. 
tute of taste Mid smell. By exposure to the dr, it putrefies^ aail 
acquires the smell of cheese. It is extremely conbustible, «i| 
bums with great rapidity and. flame, in' consequence of which iM 
pttUen of the iycofipdium clav^unm has been oiteti used in thealrib 
cal exhibitions to imitate Ughtmnr. < 

9 MmeHn There are- three differoit genera of phMs that aria 
employed under the name of Ipecacuanha; but k is the root oCl 
B^pecies of eaUieoc€<h that is.dmcted by the Pharmacopgeia of te. 
X^don College. The cortical piiit c^ the root haa. been 
eubmitted to a skilftil «naiy«» by MiMv MagspdijS and Pe& 
who have obtained from it about 1 4 per cent« ef a pecuBer tnjtljill^ 
in which the etnetic virtue of the root exclusivdy reai^ea,^ 
which they -hare therefore caU|d ifnteiin.f ^ : ,^ 

: To obtain emecin, powideredlpecacnanha is ia be digeateAH 
SQlphuric <>ther, whkh removes a pordon of &tty nvatteK / * ' 
is then to be digested on the remainderi the tincture to be 
rat^ 1^ a water bajtln wd the dried matter dissolved ai^ oi 
ttJr, which separates the wax. It is next to benMcmited oil 
dered carbonate of barsrtes, to remove the gallic acidi 
dissolved in alcohol atid evaporated once more. The> e 

grinciple remains in the form of transparent scales of a reddiik 
rowa colour It has scarr ely any odour; has a slightly acrid and 
bitter, but not a nauseous taste; deliquesces in the atmosphere; if 
tsK>lub)e in water and in alcohol in all proportions; and is incapaUl 
of being crystallized. It is decomposed by a heat exceeding thd 
of boiling: water, but gives no ammonia by distillation, whkl 
proves vthat nitrogen is not one of its elements. Gallic acid iMe* 
eipitates it from its solution; but the re-agent, that most powo^ 
fully affects it, is the sub-acetate of lead, which completely praoh 
pitates it from all its solutions. It appears, therefore^ that emetia 
is a substance sui generis^ possessing distinct and peculiar pie* 
perries, which are the same from whichiioever of the plants, caph 
ble of affording it, it may have been obtained. 

'^ Thoonson's AnaNUs, tii. 49. ) Thoaison's Annals, zi. 4Stt^ 
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SECTION I. 

Fin 0KB Fermentation. 

E phenomena and results of ihia process may be accurately 
ined, by means of an apparatus similar to that described in , 
sier's Elements, part iii. chap. vi. A more simple one, 
vill sufficiently answer the purpose It may consist of a 
\ glass matrass, shaped like lig. 4, capable of holding 10 or 
Into the opening of the neck, a glass tube may be ce- 
which is to be twice bent at right angles. The aperture 
it other leg may terminate in a two-necked bottle, from which 
it glass tube is to proceed, and to be carried under the shelf 
p pneumatic trough, or fwhich is better) into the receiving 
of a gazometcr, fig. 35, b. The matrass may then be half 
I with a solution of sugar in a proper quantity of water, ov 
Wilh an infusion of malt with the addition of a little yeast. When 
^accd in a room, the temperature of which is not below 60° Fah- 
Ifenbctt, the fermentation soon begins to take place ; a brisk motion 
(a observed in the liquid; it becomes turbid, and deposits some 
faapurilies, while a frothy scum rises to the surface. When the 
'Saaterials are in large quantity, viz. sufficient to fill a cask, a hiss- 
IlifJ noise is heard in the liquid, and its bulk increases so much, 
that, if the vessel were full, it now overflows. At the same time, 
ft considerable quantity of gas escapes, and passes through the 
bent tube, into the receiver inverted in the pneumatic trough, 
or into the gazometer. During the process of fermentation, the 
liquor preserves a higher temperature than that of the surround- 
ing atmosphere After some days, these appearances gradually 
decline; and, if the process has been well conducted, and sus- 
pended at the proper period, the result is a liquor, not sweet, 
like that submitted to experiment, but having a vinous taste and 
Binell. 

When the gas, contained in the gazometer, is csamined, it is 
found to be carbonic acid,' holding in solution something which 
has a smell like that of the fermented liquor. On submitting the 
latter to distillation, we obtain a liquid considerably lighter than 
wster, and having a strong spirituous taste. This, when deprived 
^ the water with which it is combined, is alcohol. 

Ill 
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SECTION II. 

Akohal. 

It haa been a subject of controversy whether the alcohol, ob- 
tained by the distillation of wines, and of other fermented liquorfif 
eaisled ready furmed in those liquors, or has been actually /iro- 
dueed, in consequence of a new arrangement of the elements o( 
the fluid by the increase of temperature. The latter opinion wa* 
supported by Fabroni," and had gained considerable currency, litt 
Ihe contrary was fully established by Mr. Urande,! in two me^ 
moirs; in the first of which it was shown, that the results of the 
diatilUtion of wine are not affected by a variation of temperature* 
equal to 20 degrees of Fahrenheit; and in tlie second, that alcobi^ 
may be separated from wine, without the intei'vcntioQ of heat. 

When a solution of acetate of lead (sugar of lead), or of sub- 
acetate of lead (Goulard's Extract), is added to wine, a dense, in- 
Bohible precipitate is quickly formed, consisting of a compound ol 
llie metallic oxide, with the acid and extractive colouring mattfer 
of the wine. On filtering the fluid, we obtain a mixture of aIc<A 
hoi, water and a portion of the acid of the metallic salt; providEra 
the latter has not been added in excess, in which case a part of tU£ 
eah remains undecomposed. from this liquid, hot and dry ai^- 
carbonate of potash separates the water; and ihc alcohol floats 4,V 
the top, forming a distinct stratum. By operating on ariificiit 
mixtxires of alcohol and water, Mr. Brande found that when thfl, 
alcohol is not less than sixteen per cent , the quantity indicated bfc 
the sub carbon ate, was always within one half part in 100 of th^ 
real proportion contained in the mixture- The experiments maf 
be repeated in glass lubes, from half an inch to two inches disune.ii 
ter, accurately graduated into 100 parts. Or, to ascertain m a 
more simple way, the quantity of alcohol in any wine, its acid m^y 
be saturated with potash; and a given measure then distilled witli 
a gentle heat nearly to dryness; the deficient bulk of tbe distilled! 
liquor being made up with distilled water. This mixtur- is to be 
shaken, and set aside for 34 hours. Its specific gravity will then 
show the quantity of alcohol which the wine contains, and which 
may be immediately seen by referring to Mr. Gilpin's Table, ut 
abstract of which will be given presently- 
Gay LuaaacJ has lately recommended the substitution of very 
finely powdered litharge for the acetate of lead ; and has added the 
important fact that wine distilled in vacuo, at the temperature of 
CO" Fahrenheit, affords alcohol ; a convincing proof, if any had 
been required, that the alcohol is merely aefiarated, and not/orm-^ 
edy by distillation. 

• Ann. do Chim. xxx. 220. ( Phil. Trans. 1811, 
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fom an extcnsWe series of experltnenls, Mr. Brande has con- 
Kted the following 



file of the quantity of Meohol, of tfteeific gravity .B25 at 60" 
Faht. in various mnea, i^e. 



MtoorwiM. 




Rinl at WinE. 








^Rm. avcrai'pnf h 


33.48 


Vinde Grave ... 12; 


Bito, highest . . 


2S.83 


Frontigiiac 






12 


Bitto, lowest . . . 


21.40 


Coti Roti . . 






12. 


Madeira, highest 


24.42 


Roussillon .- . 






17.^ 


Ditto, lowest . . . 


19-34 


Cape Madeira 






13. 


Sherrj', average of 4 


ir.92 


Cape Muschal 






18. 


Ditto, highest ^ . 


19, 8.1 


Constaiitia 






19.5 


Ditto, lowest . . . 


13,25 


Tent . . . 






13 


Claret, average of 3 


14.43 


Sheraaz . . 






15. 


Calcavella .... 


18,10 


Syracuse . . 






15 


I-isbon 


1894 


Nice. . . . 






14, 


Malaga .... 
BuceHas .... 


ir.ae 


Tokay . . . 






9 


18,49 


Raisin Wine . 






25. 


Red Madeira . . . 


18.40 


Grape Wine . 






.18 


Malmsey Madeira . 


I5.4() 


Currant Wine 






20, 


Marsala .... 


25.sr 


Gooseberry Duto 






11, 


Ditto 


ir-26 


Elder Wine . 






9. 


fied Champagne 


11.30 


Cider . . . 






9. 


White Ditto . . . 


12.80 


Perry . . . 






9. 


Burgundy .... 


14.53 


Brown Stout . 






6 


Ditto 


11.95 


Ale ... . 






8 


White Hermitage . 


17.43 


Brandy . . • 






53 


Bed Ditlo .... 


12,32 


Rum . . . 






53, 


Hock 


14,37 


Hollands . . 




. 51. 


Ditto 


8.88 











Some doubt may, perhaps, be excited of the accuracy of thia 
Table, by a reference to the conoparative intoxicating effects of 
port wine and brandy, the latter of which certainly are more than 
double those of the former But it is to be remembered, that, in 
wine, the alcohol is in a state of combination %vith other ingredi- 
ents, which must necessarily diminish its activity on the animal 
system Variations from the above proportions may, however, bo 
expected to arise from the variable purity of the liquors, that may 
be the stibjects of experiment In Mr. Braude's analyses, great 
pains were taken to employ such as were perfectly unadulterated. 

1. To prepare alcobol, the spirit of wine of ihe shops may be 
employed. To a quantity contained in a glass vessel, the sub- 
carbonate of potash, perfecily dry, and heated to about 300°, is to 
be added ; the mixture is ti be well shaken j the clear liquor de- 
famed ; ami this is to be repeated as long as the alkali is moisten- 
«d by the spirit. 'When enough has been employed, the next ad- 
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ditton will fall to the Ijottom in a perfectly dry state. The dry 
muriate of lime may be advantageously useil as a substitute for 
alkali. Or it may be employed to strengthen alcohol, which has 
been prepared with the mild vegetable alkali; but it appears 
doubtful whether a little ether is not produced by its aciion. 
When the muriate is no longer moistened on being added to Iho 
spirit, we may conclude that enough has been used. Two dis- 
tinct strata will then be seen in the liquid, the solution of muriate 
of lime in water, at the bottom, and the alcohol at the top. The 
latter is lo be decanted, or drawn off by a syphon, and then sub- 
mitted to distillation, reserving only the portions which first pass 
over Gay Lussac recommends ciuicklime or barytes, in prefer- 
rnce to muriate of lime; and Dubuc advises the use of ilry aluT 
mine, by which he brought alcohol to the specific gravity .SI?, 
without any risk of forming ether by the process.* 

II, 1. Alcohol is considerably li|];hter than water, viz. in tlic 
proportion of 800 or 820 lo 1000. The lightest, that can be obr 
tained, by simple distillation, from spirit of wine, has the specific 
gravity of 825. By the intervention of substances which strongly 
attract water, Chauseiei brought it to the specific gravity of 798» 
and Lovitz and Saussure ]un lo 7i- 1 or 792, Alcohol of the specific 
gravity e?0 still contains, according to Lovitz, about one 1 0th Its 
Tireight of water. When of the specific gravity 930, it has besn 
caVed ftroq/" tfiiriis; the term above firoo/hcin^ used to denote a 
spirit lighter ihan this, and under firoo/ one which contains a siiU 
larger proportion of water. Rectified spirit is directed, by tha 
London Pharraacopceia, to have the specific gravity of 83', but it 
seldom exceeds 840. The quantity of alcohol and water in mi«^ 
tures of different specific gravities, may be learned from M "'" 
pin's copious tables, of which the following is an abstracl.t 

Table aho-wing the i 



C«lr.mulP-r...ir,l,.'MiMi.re. 


c^uJ!!™'' 


Actonliqg 10 Oillin. 
(llU T.hlc.) 


Alcohol . 


. 100 
95 


0.79S0 
0.8165 


0.8-J5 
83887 




90 


8,340 


85344 




G5 


0.8485 


Hti'U4 




80 
75 


0.3S30 
0.87525 


87606 
0.88762 




70 
65 


0.8880 
0.9005 


80883 
90941 



* 86 Ann, do Cbim, 3M. 

■t Philof,r.|jhical Tratisactioos, 1704, or Mcholsoo's Joirrnal. 4to. ■ 
Mr. Gilpin's staliHariJ alcohol had Ibe specific gravity of 8-2,'i, and Cliaus-ipt'*!! 
of 708. The Tahlcs of Mr. Gilpia are mucb too lonj to be inserted without 
abridgemeai in Uiia work. 
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ALCOHOL. 
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" 


SPEOIEIC GRAVITIES 


Centesimal Parts of the Mixture. I 


According to 
Cbaastier. 


According to Gilpin 






(last TaUe.) 


Alcohol • 


. 60 


0.9120 


0.91981 




55 


0.9230 


0.92961 




50 


0.9334 


0.93882 




45 


0.94265 


0.94726 




40 


0.9514 


0.95493 




35 


0.95865 


0.96158 




30 


0.96535 


0.96736 


• 


25 


0.97035 


0.97239 




20 


0.97605 


0.97723 




15 


0.9815 


0.98213 




10 


0.9866 


0.98737 


• 


5 


0.99335 


0.99327 







0.99835 


1,00000 



2. Alcohol unites chemically with water ; and caloric is evolved 
during this union. Equal measures of alcohol and water, each 
at 50® Fahrenheit, give by sudden admixture an elevation of nearly 
20** of temperature; and equal measures of proof spirit and water 
an increase of 9^®. The bulk of the resulting liquid is less also 
titan that of the two before admixture. Thus a pint of alcohol 
and a pint of water, when the mixture has cooled to the tempera- 
ture of the atmosphere, falls considerably short of two pints. 

3. Alcohol is highly imflammable. During its combustion, 
carbonic acid is generated; no charcoal appears; and a quantity 
of water is produced which exceeds in weight the alcohol em- 
ployed. An ingenious apparatus, for the purpose of ascertaining 
this fact, is described in the third part of Lavoisier's Elements, and 
is represented in the 9th plate to that work, fig. 5. The flame of 
alcohol acquires a red colour from muriate of lime, a deep blood- 
red from the muriate of strontites, and a green tinge from boracic 
acid. 

4. Alcohol is a fluid which is remarkably expansible by heat. 
Dividing the scale between the freezing and boiling points of wa- 
ter into two equal parts, IVIr. De Luc has stated that alcohol ex- 
pands 35 parts for the first 90®, and 45 parts for the second 90©. 
The strength of his alcohol, however, is described only by the in- 
definite test of its firing gunpowder. Mr. Dalton found that 1000 
parts of alcohol of the specific gravity .817 at 50® Fahrenheit be- 
come 1079 parts at 170®. At 110®, half way between the two 
extremes, the alcohol was at 1039, or half a division below the 
true mean. The more the alcohol is diluted with water, the 
greater he found the disproportion between the two parts of the 
scale. When of the specific gravity, .967, answering to 75 per 
cent, water, the ratio of expansion through the first half between 
SO^ and 170®, was to that through the second half as 35 to 45| 

Vol. IL— D d 
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Wfaieli 18 predself the tiEmie as IXe Luc glares fer puve alcohol. Is 
teportihg ^^5^^ reMU no account is tak^ .of the eiKpansioii of the 
glass vessel)' ^d consequently the real eitpansions may be consid-' J 
ered as rather exceeding the apparent ones urMch h0e been ^ 
stated. 

5. Alcohol boils at 176**. If water be added, its boiling point ' 
is proportionably raised; so that the temperature} at which it boibi 
is not a bad te|t of its strength. At this degree of heat^ it is poa- 
yerted into a vigour, which A|»r be ex^oded by passing an.elec^ 
trie spark thtoiigh a tnixture of it with oxy^ien gas. ' 
. Alcohol of the specific gravity .8152 at 50* Fahrenheit, giv^ij 
gas, the density of which is i| tinges that of the htmdis^here. Te . < 
become gaseous, alcohql absorbs d.436, the calonc required to iri- ^ 
porize aQ equal weight of wat^. 

6. It has never yet been congealed by any known method of '. 
producing artificiai cold. Eveh when dilut^ witb aa equal weigbs 
of water, it requires a cold of 6^ below to .coilgeal it Mr. Hut* 
ton of £dinburgh, announced, indeed^ several years ago^* that h^ 
1^ succeeded in pongecifing akH>hQl of the spNtofic' giavity .Tf 8^ 
but neither a jMtnfirinatiOA^ o&tliib hct^ nor the details of his pre- 
cess, have yet been published. ' ^ ''",'. 

7. Aicpholis a powerfill'Splvent It dissolyes'soap^.vegetaUe 
' eltract; su^;ar; o:ralic, camphoric, tartaric^ gaMc, and bflDflBok ^ 

acids; volatile ^ilit, resins, and bUssums.t It'eombini^' also, v^klr 
sulphur, phosphorus, and the pure alkalies; but not with their 
carbonates. Of the class of salts with alkaline, earthy, and metal- 
lic bases, alcohoj dissolves some copiously, others sparingly, and 
others not at all. The proportion, in which some of these are 
taken up, is stated in the following Table by Wenzel, the princi- 
pal defect of which is the omission of the specific gravity of the 
alcohol employed. 

Two hundred and forty grains of boiling alcohol dissolve of 

Gnuiui 

Borate of ammonia 1 

Fluate of alumine 1 

ammonia 1 

Muriate of ammonia 17 

— — — lime 288 

.- magnesia . . . . • . . . . 1313 

— — potash 5 

Nitrate of alumine • 240 

^ ammonia 214 

— — lime . . • 288 

magnesia 694 

' potash 5 

> ' ' soda 23 

* Nicholson's Joatnal, xxxiv. 166* See also Thomson's Annals, i. 221, 
and ii. 63,471. 



Oxalate of alumine ' . . 7 

K Tartrate of alumine T 
■ ammonia 7 
potash 1 
Super-tartrate of potash 7 
■ — oxalate of potash 7 
Kirwan, also, has given ua a very useful Table, showing the 
of alcohol at diHerent specific gravities to dissolve several 
■Wf Ihe neutral salts. The salts were first deprived of their water 
«f crystallization, and were digested, during three days, with 
ii^^kohol, the temperature of which never* exceeded 80" Fah- 



^Hbphate of soda .... 

^ magnesia . . 

^Hntratc of potash .... 

^ soda ..... 

^pttiriate of potash . . . 
^ soda .... 




iMGn>iai<irAl(al,aI>t 




.900 


.872 


.848 


.834 


.817 




2.76 

iO.5 
4.63 
5.8 
7.5 

31.2S 

1. 56 




1 

6 

1.66 
3.67 
4.75 






23.75 
0.39 
0.43 
4.13 






0.38 
0.38 
O.S« 
I.S 
36.25 
0.18 
0.32 
4.75 











50 

0.09 
0.05 

4.aa 


^^F 


KBtcetateoflime .... 



Some Baits, also, when actually dissolved in water, are precipi- 
tated by the addition of alcohol. This is the case chiefly with th« 
sulphates, several of which are precipitated immediately, while 
others are not separated without the application of heat and a few 
days' repose, 

S. Alcohol, when transmitted through a red-hot copper tube, is 
decomposed. The tuhe is found lined with a very fine light soot 
resembling lamp-black, and an enormous quantity of carbureted 
Aydrogen gaa is evolved, not less, as appears from an experiment 
«f Van Marum, than ten cubic feet by the decomposition of three 
ounces of alcohol. From the analysis of this gas, Mr. Cruickshank 
has inferred that in alcohol the carbon is to the hydrogen in the 
proportion of 4 to t." 

9. In order to determine accurately the composition of alcohol, 
Lavoisier burned a quantity with very minute attention to the pro- 
ducts. The weight of alcohol consumed amounted to 93.5 grains, 
^md 110.32 grains of oxygen were expended in the combustion. 

* Niclioljon'i Journal, 4to. v. 7. 



The water proiluced amounted to 106.2 grains, and the carbonic 
acid to 93.8. From the known ijiiamiiy of cai'bon in carbonic acidii 
and of hydrogen in water, Lavoisier inferred that the alcohol^t 
w^ich he operated, consisted of 



Carbon 

Hjrdrogen 

Water (existing in tht alcohol) 



Comparitig, then, the composition of alcohol with that of « 
(a compoundj as has already been staled, of 8 parts hydro 
6-1 osygcH) and 38 carbon,) the same distinguished philoao 
was led to the conclusion lliat, during the vinous fermentation, 
part of the carboni by uniting wiih the oxygen, passes to the 
stale of carbonic acid, and that the remaining carbon, with ibe 
hydrogen of the sugar, composes alcohol. If, therefore, it were 
possible to combine carbonic acid and alcohol, sugar ought to be 
regenerated. 

An analysis of alcohol has lately been executed with considera- 
ble skill by Saussure, jun. Two diSerent methods were employ* 
ed in his experiments. Alcohol was transmitted through a red- 
hot por^^iin tube; by which operation it afibrded water, and a 
qiiantit^f gas, which readily admitted, of analysis. By ar 
rate set of experimctita, alcohol, of specific gravity .792 at 6 
])roTed to contain, per cent. 

Carbon 51.98 

Oxygen 34.32 

Hydrogen 13.70 



Beside the hydrogen, necessary to form water with the ; 

parts of oxygen, there arc 9.15 parts of hydrogen in excess. N« 

it is remarkable lliat this excess of hydrogen is to the carbon in 
alcohol (51.98) in the same proportions as the hydrogen is to the 
charcoal of olefiant gas; and we are, therefore, entitled to consider 
100 parts of alcohol, of specific gravity .792, as constituted of 
(0.15-1- Si. 98=) 61.13 parts of oleliant gas and 33.87 of water; or 
two of olefiant gas, andjine of water; or of two atoms of charcoal, 
tlireeofhydi'ogen, and on« of oxygen. In 1000 parts of alcohol, 
specific gravity .792, we have, therefore, the elements of 100 parts 
of olefiant gaa, united with thosi,e of 63.6 water. But as [his alco- 
hol may still be supposed to contain 8.3 per cent, water, real alco- 
hol is probably constituted of 100 parts of the elements of olefiant 
gas, and of 50 parts of water. Reducing these weights to volumes, 
and dividing the weight of the olefiant gas (100) by 0.978, its den- 
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shy; &nd' the yreight of the water (63.58) by the density of aqueous 
vapour. Gay Lussac finds that alcohol consists of 

defiant Gas • 102.5 volumes 

Aqueous vapour ..... 101.7 volumes 

From which, he thinks^ it may safely be inferred that alcohol 
is constituted of equal volumes of olefiant gas and of aqueous va- 
pour, the condensation being half the sum of the volumes of those 
two bodies. This would give the specific gravity of vaporous al- 
cohol 1.603, and by experiment it comes out 1.613, a coincidence 
as near as can reasonably be expected. 

According to the analysis of sugar, made by the same philoso- 
pher in conjunction with Thenard, it consists of 



Charcoal 42.47 

xygen and hydrogen in the 
tions required to form water 



Oxygen and hydrogen in the propor- 7 c>r k 



But if we suppose that sugar is composed of 40 parts by weight of 
charcoal and 60 of water, and convert these weights intg volumes, 
it will then consist of 

1 volume of charcoal in vapour, 

1 volume of aqueous vapour, ^ 

or of 
1 volume of charcoal in vapour, 
1 volume of hydrogen, 
§ a volume of oxygen.. 

But alcohol, it has been already stated, is constituted of 

1 vol. olefiant oil = $ ^ vols' vapour of charcoal, 

1 2 vols, hydrogen, 

1 vol. aqueous vapour = ^ 1 ^^J' l^y^^^gen, 
^ . ^ li vol. oxygen. 



or 
2 vols, vapour of charcoal, 
Alcohol a= -^ 3 vols, hydrogen. 

§ a volume of oxygen. 



{ 



And tripling the numbers representing the elements of sugar^ 
iixDrder to equalize the hydrogen of both, 



-{ 



3 vols, vs^pour of charcoal. 
Sugar = -^ 3 vols, hydrogen, 

3 half volumes of oxygen. 



Comparing, then, the composition of sugar with that of alcohol. 



itfolloWB lliat W transtbrm the former into iKc latter, we i 
remove 

1 vol. of the vapour of charcoal, 

1 vol. of oxygcD gas, 

which, by combining, form I volume of carbonic acid. Reducing 
these vulumeii to weights, 100 pounds of sugai' should aiTurd 51.34 
of alcohol and 48.66 carbonic acid." 

B/ tlistillatiqii with the more powerful acids, alcohol under^es 
«n important change. It is converted into a liquid considerably 
lighter than alcohol, and much more volatile and in (5 am m able, and 
niiscible only in small proportion with water. This fluid has re- 
ceived the generic name of e-iheh; and the peculiar varieties t 
distinguished by adding the name of the acid, by the iuterveauj 
of wliich they have been prepared. 



SECTION III. 

£t/ier. 

I. To prepare »!il/i/iaric ether, pour into a retort any quairf 
of alcohol, and add, at intervals stiflicient to allow the mixture 
cool after each addition, an equal weight of concentrated sulphui 
acid, agitating them together each time, and taking care that the 
temperature of the mixture doea not rise above 130" Fahrenheit, 
Let the retort be placed in a sand-bath previously heated to 200", 
and be connected, by means of an adopter, with a tubulated re- 
ceiver. To the luhulure of the receiver, a glass tube, twice bent 
at right angles, may be luted; and its aperture be immersed in si 
cupful of water or mercury. The condensible vapour is thus 
cunfinedi while the gases that are produced are allowed to escape. 
'1 he receiver and adopter should be kept cool by the application 
of ice or of moistened cloths. As soon as the materials begin to 
boil, ether is produced, and passes over into the receiver. The 
ebullition is to be continued, till white vapours appear in the re- 
tort, or a smell of sulphurous acid is perceived; and the receiver 
is then to be removed. The liquor, which it contains, will pro- 
bably have a smell of sulphurous acid. To purify it, a small 
quantity of black oxide of manganese may be added, and tlie mix- 
ture maybe kept in a bottle about 34 hours, agitating it occa- 
tiionally. The clear liquid is then to be decanted, and distilled in 
a water bath, till one half has come over. This is to be preserved 
in a well-closed phial. It will be, to the alcohol employed, es 
about I to 3. 

, * C3.J LuSBac, 05 Aao. dc Chim. 311. 
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If, when the ether ceases to be fonneil, the receiver be removedt 
and the heat still continued, sulphurous acid is produced abuTi' 
dantly, and a yellowish liquor, vei-y different from ether, distils 
over. This may be mixed with a small quantity of liquid potash to 
correct the sulphurous aracU, and then submitted to a heat suffi- 
cient to drive off the small proportion of ether. The oil ufviine re- 
mains sw'unming on the watery liqtiid. 

II, N'ltTie ether may be prepare.l as follows. To two pints of 
alcohol, contained in a glass retort, add, by degrees, half a pound 
of nitric adid; and, after cuch addition, cool the materials, by set- 

. ting the retort in a vessel of cold w^ter. Distil the liquor by a very 
cautiously regulated heat, till about a pint and a half have come 
over. In this state the ether is far from being pure, and must be 
redistilled, with the addition of pure potash, prescmng only Uie 
first half or three fourths that come over. 

Thenard prepared nitric ether by the following process: Into 
a retort, he put equal parts (about 16 oz, of each) of alcohol and 
nitric acid; and adapted to it in succession, by means of glass tubes, 
five tall Iwttks, half filled with a saturated solution of muriate of 
sada. In t)ie last, was a bent tube, opening under a jar, to receive 
the gas. The bottles were surrounded by a mixture of pounded 
ice and salt, which was stirred occasionally. To commence the 
operation, a little fire was applied, but it soon became necessary to 
extinguish it, and to cool the retort. On the surfice of the saline 
solution, ill each of the bottles, was found, after the process was 
concluded, a yellowish liquid, equal in weight to about half the 
alcohol employed. That in the first bottle was impure; but the re- 
roalning four contained nitric ether free fi^om admixture. 

Nitric ether, thus prepared, is specifically lighter than water, 
but heavier than alcohol. It dissolves in the latter fluid, but re- 
quires for solution 48 parts of water. It reddens litmus; and 
though this property may be destroyed by a little lime, yet the 
ether soon becomes acid again by keeping. It is highly combusti- 
ble; and much more volatile than the best sulphuric ether. It is 
composed, in 100 parts, of IG azote, 39 carbon, 34 o\ygen, and 9' 
hydrogen.* 

III. To prepare mtirialic eiher, add, to a mixture of 8 parts of 
roanganese and 2+ of muriate of soda, in a retort, 1 2 parts of sul- 
phuric acid, previously mixed, with the necessary caution, with 8 
of alcohol, and proceed to distillation. The ether, thus obtained, 
requires to he rectified by a second distillation from potash; and is 
•till liable to be contaminated with sulphuric ether. A more cer- 
taio process, which is not, however, unaccompanied with some 
difficulty, consists in passing onygenized muriatic gas through 
alcohol; and, according to Klaproth, this kind of ether may, also, 
be safely and effectually prepared by distilling equal parts of alco- 
hol and oxymuriate of tin. The distilled liquid is to be rtctificd by 

* Nicliolson'e Journal, zriii. 141. 
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second dislilhlion wilTi cnustic jiotnsli. An improved moiW 
frcpariiig llus ether, and an account of iwjtropcrtius, by Then J 

lay be found in Nicliolson's Juuraal. xviii. 177, or in the PIu 

<|)liical Magazine, XKx. 101. 

'7, C/i/oT-i'ff/ArT- may bo formed by causing a current of olefimt 
gBB, and another o! chlorine, lo meet in a glass balloon, talcing care 
tli.it the first mentioned gas is somewhat in excess. An oily ftaid 
condenses, which may be purified by first washinf* it with a little 
water, and then distilling it from fused muriate of lime. It is limpid 
and colourless, and its smell and lasie are boih riither agreeable. 
iw specific gravity is l,3Soi;its boiling point isa" Fahrcnheiti.Hs 
vapour, at iS" Fahrenheit, aoppons a column of mercury 34^66 
inches high; and the specific gruvity of tliis vapoui- is 3.4434, alf 
being 1. It burns with a green flame, givingout a ^:iiellofinuriBtit 
acid and much soot. It is compohed of lOO chlorine + 38.83 olo- - 
fiatit gas; and hence it may be inferred tuconstst of one atom of" 
chlorine aiid two atoms of oleRant gas.* 

V. Fhosfihuric riher may be obtained, by distilling a mixtureo^ 
thick tenacious phosphoric acid and alcohol. The first product^ 

a portion of unchanged alcohol. After this, a liquid paSse* Vt 
which has an etherial smell, and a specific graviry inferior t(j t 
of alcohol. It K very volatile, requires tor soUiiion eight o 
irarts of water; boils at 100°; and bums with a while flame, witlK 
leaving any trace of ar.id.t 

VI. Muoric ether has been obtained by distilling, in 

retort, a mixtui'o of equal parts offluate of lime, sulphuric &iSA 

and alcohol. The product of this dtstillalion was again distilled l\VS 
one half had come over, to which potash was added. This precj.— 
pitiited so much silex, as to gelalinale the whole mass, whicb,-on 
being again distilled, gave a light etherial liquid of the specific 
gmvity 720.4 

VII. Acetic ether may be formed by repeatedly distilling con- 
centrated acetic acid (procured from acetate of copper) with alco- 
hol, and rctiiraing the disiilled liqnor to the charge in the retort. 
The ether, thus produced, may be freed from a redundance of bc»!| 
by distillation with a small quantity of potash. It is hearier than 
other ethers, its specific gravity being .866. It is volatile; boilaat 

iswilh a yellowish white flame. Dnriiig combustion, 
developed, though none can be discover! 



138°, and bun- 
acetic acid is 
ether before. 
This procc 
Mr. Chei ■ 



s has been repeated, with considerable attention, by J 
:. By repeatedly distilling to dryness a mt: 
ten parts of alcohol with ten parts of acetic acid, he ascertained 
that no change in the specific gravity of the product took placa 
after the first dtsiiUation. Sevpii twelfths of the acetic acid wcrf 

• Thomsoo, WciTier, Tntiu. voL *il and Gabiquetand Cnlin, Ann i 

Chini. el I'Iijb. i. and li- f Sfw Boullay, Ann. de Chim. \i.'\. 1»| 

t NicIuiUuu'8 Journal, viii- l'13. 



fcompoaed. Dry carbonate of polaali, added in auffldeTit quantity 
kabsorb all the water, gave a qiiaiitUy of etherial liquor, whicb 
Bgbed 7.4 parts, anil had the specific {jravity of 8.621." 
^ulphuric ether will bo best employed to exbibit ilie properties 
^ 's Bubstance, which aj-c the following: 

It is extremely light, liaving the apecitic gravity of .730, or, 
wding to Lovitz, even of .632. 

. Il has been observed by Girard, that ether escapes through 
bnpillary tube with much greater velocity than water or alcohol, 
1> relative times, for equal quanillies of each fluid, being 101 
Jonds for ellier, 349 for water, and 8Sfi for alcohol. The compa- 
pve heights, to which these three fluids rose in the same capjl- 
^ tube, were found to be nearly 6 for ether, 9 for alcohol, and 
ler.t 

;r does not, like alcohol, combine with water; and when 
the two fluids arc shaken together, liiey separate again on stand- 
ing. Wateri however, retains about one tenth its weight of 
ether. By repeated agitation with water, ether is bi-ought ti 
high dcsi'ce of purity, and acquires the property of dissolvi 
caoutchouc. , ■ 

The process, as perforined in presence of Faujas de St. FouJi J 
Mr. Winch of London, is described by the former as follows: Let'l 
a pint of good sulphuric ether be put into a bottle (or, in prcfcr-J 
dice, into the separator, plate i. fig. 3,) along with two pints <j^a 
water; agitate the two liquids repeatedly together; then let the'qjX 
stand till Uie ether has risen to the surface; and draw olT the wati^l 
through the lower cock 6, leaving the ether in the vessel. Kep^ J 
this process three or four times, or till scarcely one third of thfji 
ether remains: and decant the residue into a we II -stopped phl^ J 
In this ether the elastic giim, cut into thin slips, soon begins t^^ 
swell; but its action is slow; and about the end of five days, the soj^ 
lutioii is completed. The method of forming tubes, iicc. with thw"! 
solution, is described in the first volume of Faujas de SL Fond's 
Travels in England, chap. i. 

4. Ether is extremely volatile. A few drops, poured on the hand, 
evaporate instantly; and produce a sense of great cold. By pouring 
A small stream of ether, from a capillary tube, on a thermometer 
bulb filled with water, the water is frozen, even in a warm sun 
^mosphere. Under the pressure of the atmosphere, it boils a 
Fahrenheit, and in vacuo considerably below 32°. Two a 
measures, when converted into gas at the temperature of 731^ 
Fahrenheit, fill the space of a cubic foQt.^ According to Gay J 
IiUssac, ether, of spcciBc gravity 0.73G5 at temperature 50" Fah' J 
renheit, produces a gas, the density of which is to that of air a 
2.35 to 1. 

' .\nB. lie Chim. Kix. 45. Sfee also Tlienanl on Ihe Aclinn of Vegetahto ■ 
" n Alcohol, Mem. d'Arcudl, ii. 5. or -IT I'l.il. Mag. JIG. 

t G Ann. de Chim. etPbj-?. 23H. ; SBiiisurfl, 
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5. A mixture ofaulphuric and muriatic ethers eraporaces inatao- 
taneously, and produces a degree of cold considerably below O «f 
Fahrenheit. 

6. Ether assumes a solid form, by reducing its temperature to 

— 46" Fahrenheit. 

7. Elber is converted into a gas, either by raising its tempera- 
ture, or diminishitig the pressure of the atmosphere on its siinace. 
The experinienis proving this have already been described, chap, 

8. Ether does not dissolve the 6xed alkalies, but it combines 
with ammonia. 

9. It dissolTes essential oils and resins, and takes up about > 
twentieth of its weiEhl of sulphur, which is deposited as the sul- 
phur volatilizes- Ether dissolves, also, a smalt portion of phospho- 
rus, and the solution, when poured on the surface of warm water 
in the dark, emits a lambent blue (lame. 

10. It is highly inflammable. This is best shown by passing a 
few drops into a receiver furnished with a brass cap and cock, to 
which a small pipe is screwed, and inverted in water of the tem- 
perature of 100°. The receiver will be filled with the gas of ether, 
which may be expelled through the pipe and set on fire. It bums 
with a beautiful deep blue flame. 

1 1. When ether is previously mixed with oxygen gas, it deti>- 
nalBS loudly. Into a strong two-ounce phial, filled with oxygen gas, 
a.nd wrapped round with a cloth, let fall a drop of ether. On m- 
plying the flame of a candle, a violent detonation will ensue. Or 
to a portion of oxygen gas, contained in the detonating tube, fig. 
38, pass up a drop or two of ether. The volume of the gas will be 
doubled; and, on transmitting an electric spark, a violent detona- 
lion will ensue, which will probably shatter the tube. In an experi- 
ment of Mr. Cruickshank, three measures of oxygen and one of 
etherial gas detonated most vfolently, and two and one third mea- 
sures of carbonic acid gas wefe produced. 

The following experiment, evincing the inflammability of ether, 
is described by Mr. Cruicksliank, in Nicholson's Journal, 4to. r; 
205: 

Fill a bottle of the capacity of three or four pints, with pur* 
oxymuriatic acid gas, taking care to expel the water as completely 
as possible. Then throw into it about a drachm or a drachm and a 
half of good ether, covering its mouth immediately with a piece of 
light wood or paper. In a few seconds white vapour will be seen 
moving circularly in the bottle, and this will soon be followed by 
an explosion, accompanied with flame. At the same time a con- 
siderable quantity of carbon «ill be deposited, and the bottle will 
be found to contain carbonic acid gas. 

The same effect is produced, but more slowly, by alcohol; and, 
along with the carbonic acid and carbon, a little ether is produced. 

12. Sulphuric ether was first observed by M. Planche to under- 
go a spontaneous change when kept in a vessel Bot entirely full» 



and frequently opened and exposed to the light. By this 
rther becomes acid in consequence of the production of vinegar, 
suid loses somewhat of its sweet odour and its volatility.* This ob- 
servation has been contirmedby Gay LuBsac,| \vho found that ether, 
irhich had been very attentively purified^ so that its bolting point 
did not exceed 96" Fahrenheit, nor its density 0.71 19, and which 
had no action on turnsole, acquired this last property by keeping, 
and at the same time became specifically heavier and less volatile. 
"When a part of the ether thus altered was distilled off, the residue 
evidently contained both acetic and sulphuric ether, and a peculiar 
kind of oil, which Gay Lussac thinks it probable exists in all ether, 
. since that fluid, even when reccniiy and skilfully prepared, leaves 
an evident spot on the glass on which a few drops are put to eva- 

13. During his investigations on flame. Sir H. Davy disco- 
vered that when a piece of fine platinum wire is heated and 
placed over the surface of ether in an open glass, a pale lam- 
bent flame plays around it, the wire becoming red, and even 
white hot, and frequently inflaming the ether. At the same time, 
peculiarly pungent fumes arise, the production of which takes 
place at all temperatures, from a heat rather above the boiling 
point of mercury, until the ether is inflamed. These vapours are 
extremely acrid and pungent; they resemble chlorine in smell; 
and affect the eyes in a manner similar to the compound of chlo- 
rine and nitrogen. Their nature has been examined by }Ar. Fara- 
i!»yt; but under great disadvantages from the smallness of the 
quantity in which they are produced. By passing considerable 
quantities of a mixture of atmospheric air and ether through a 
heated glaaa tube, containing platinum in wire and leaf, he obtain- 
ed a c(ear and colourless liquor, of a slightly acid taste and strong 
. irritating smell. It reddened litmus paper, as did, also, its va- 
pour. When heated it was quickly dissipated, leaving on the 
capsule a slight coally mark. It united to ammonia, and formed 
& neutral salt, which, by careful evaporation, might be obtaiued 
solid, but was volatile, even at temperatures below boiling water, 
producing a peculiar fetid smell. )t united with potash, and form- 
ed a salt, from which the acid was expelled by heat alone. The 
acid solution expelled carbonic acid from all the alkaline carba< 
nates; and salts were obtained, from which the acid was again ex- 
pelled by all the stronger acids. Oxygen, hydrogen, and charcoal 
(tbe,last apparently in very great proportion) are the elements of 
ivhicb this new acid is composed; but Mr. Faraday could not ob- 
tain enough to determine their proportion. 

U. According to Mr. Cruickshank, the proportion of carbon 
to hydrogen is in alcohol as eight or nine to one, and in ether as 
five to one.$ M. Saussure, however, has lately submitted ether ' 
analysis with somewhat different results. By following the san 

i. 213. 
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processes as tliosc nhich liave been already described, and, also, 
by the rapid combusiion of etiier wiih wsygen gas, he found t 



; ether, of apccific graviiy 0.715S at 



Carbon 67.98 

Oxygen 17.62 

Hydiwgen 1 4.4(1 



J 



The excegs of liydrogcu, above wliat is necessary to form « 
with i7.62 parts of oxygen, is 13,07 parts, which, nlien adde4j| 
the carbon (12.07 x 67.98) give 80,05 for the olefiai 
parts of ether. The remainder 19.95 parts are water. Ether. 
thei'cforc, is con&iiiuted of 5 atoms of olefianL gas, anc) 1 atom of 
water; or of 6 atoms of hydrogen, 3 of charcoal, and I of oxygen. 

To understand the conversion of alcoiiol into olefiant gas or 
cLlier, it is necessary lo compare Uie proportion oftlieii- elements. 

Alcohol consists of IQQ parts of olefiant gas + 50 water, 
fllhcr ■ iOO ports ditto + 35 water. 

If then, to alcoiiol, we add a proportion of sulphuric acid suffi* 
cient to take away tlie whole of the water, we obtain only oleliant 
gas. But if we use no more sulphuric acid, than is sufficient to 
abstract half the water contained m alcohol, we then obtain ether. 
It must not, however, be supposed that, in practice, we are ever 
able to eifect these convei'sions without loss; for a certain propor- 
tion ot the alcohol is decomposed, by the too energetic action "of 
the acid, into its ultimate elements, especially towards the close of 
the process; and beside ether or olefiant gas (whichever it may be 



> and carbonic acids, 
le that the sulphuric 
srely by a!jalracting 
ransferred from the 
le, the whole of the 



r object to prepare) we obtain sulphui 
and a charry residue. It is nevertheless ti 
acid is ef&cient in the foi'mation of ether, n 
water; and that nothing, by this process, is 
acid to the alcohol; for if it be stopped in li 
acid may be recovered. 

The complete accuracy of the results obtained by Saussure 
has been called in question by Gay Lussac,* chiefly on theory " 
cal^ gr(\unds. Reducing these results from weights to volugi 
Gay Lussac finds that ether, according to Saussure, shouldijcjl 
bist of 

Olefiant gas 102.49 volumes 

Aqueous vapour .... 40. 
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But the density of the vapour of ether was found by experiment 
to be 2.S81) and supposing it to be constituted of 2 volumes of 
olefiant gas and 1 volume of aqueous vapour, and the condensa- 
tion of these to be two-thirds, its density should be 2.586, an 
agreement so near that the hypothetical view is probably the true 
one. Ether, then, will be constituted of 

Olefiant gas 100X)0>, . ,^ 

Water 31.95 r^^^Sht 

or 

Olefiant gas « • 2 volumes 

Aqueous vapour . . • ..... 1 volume 

And since alcohol consists of 

Olefiant gas 2 volumes 

Aqueous vapour • . 2 volumes 

it follows that to change alcohol into ether, all that is necessary 
is to take away one volume of water, or, by weight, half the wa- 
ter which alcohol contains. Therefore 131.95 parts by weight of 
alcohol, if the conversion could be made without loss, should give 
115.975 parts of ether; a proportion which, as has already been 
stated, can never be obtained in practice. 



SECTION IV. 

Acetous and Acetic Acids. 

These" two names were applied, by the framers of the new 
chemical nomenclature, to denote what were supposed to be two 
distinct acids, common vinegar purified by distillation being term- 
ed the acetous^ and the highly concentrated acid, formerly called 
radical vinegar, being denominated acetic. To account for the su- 
perior strength of the latter, it was supposed to hold in combina- 
tion a larger proportion of oxygen derived from the metallic 
t>3dde, from which acetous acid is generally distilled, when con- 
verted into acetic. The experiments of Adet were the first that 
threw doubt upon this conclusion; and though they appeared to 
be contradicted by the subsequent ones of Chaptal and Dabit, yet 
they received the fullest confirmation from the researches of Dar- 
racq. The last mentioned chemist succeeded in converting dis- 
tilled into radical vinegar, under circumstances where no farther 
oxygenation could possibly be effected, viz. by repeated distillation 
from dry muriate of lime; which can only act by abstracting 
water. Both terms, hGwever, may bo retained for the sake of 



brevity; the acetou* acid denoting tlie dilute acid obtained by fer- 
mentatioii; and the aectlc, the acid in its most deplilegmated 
state. 

Acetous acid may be procured by exposing to the atmospherej 
at a temperature beiween 73° and 90" of Fahrenheit, the liqUoi 
which has been obtained, by the vinous fermenialion, from malt, 
sugar, or other substances The liquor soon becomes warm; a 
■number of ropy filamcnis appear; and, aficr several days, it ac- 
(|uireB an acid taste and smell. Litlle or no gas is evolved; but, 
on the contrary, an absorption of oxygen lakes place. There is a 
essential difference, therefore, between the vinous and acetous 
fermentations- The latter requires the access of air as an india- 
pensable condition; whereas the vinous fermentation may be 
perEormed in close vessels, or at least in vessels which only allow 
egress to the elastic fluids that are produced. 

Common vinegar may be purified, by submitting it to distilla- 
tion in a glass retort. The best malt vinegar, unadulterated by 
sulphuric acid or colouring, has a specific gravity of 1.0304. 
When distilled, the first eighth'part is of sp. gr. 0.99TI2, and con- 
tains so much acid, that a Suid ounce dissolves from 4.5 to S 
grains of precipitated carbonate of lime.' The subsequent six 
eighths are of sp. gr. 1.0033, and a fluid ounce decomposes 8. IS 
grains of carbonate of lime. A similar quantity, of sp. gr. 1.007, 
decomposes from IS to 16 grains of precipitated carbonate of 
lime, or 1^,8 grains of marble.' By distillation, vinegar can only 
be imperfectly purified. The distilled; liquor always contains an 
extractive flatter, which Darracq considers as mucilage; and, alao, 
as Mr. Chenevix has shown, a small portion of alcohol. The ex- 
tractive matter, it has been found by the latter chemist, cannot be 
removed by repeated distillations. In French vinegar, he dtscO' 
vered a larger proportion both of acid arid alcohol, with less mu- 
cilage, than in the vinegar of this country. From four pints of 
divtllled French vinegar, he obtained nearly ap ounce measure of 
ardent spirit. 

Acetous acid is prepared, alio, in very considerable quantity by 
the distillation of wood. The wood is inclosed in iron cylinder* 
or retorts, which are exposed to a red heat. An immense qoan- 
lily of inHaramable gas is produced; and a liquid is condenaedt 
which consists of acetous acid holding in solution a quantity of 
tai' and of essential oil. These impurities it is possible to remoTe 
entirely; so that the acid, thus prepared, may be employed for all 
the purposes of vinegar. 

A process, for the decoloration of all kinds of vinegar, has been 
proposed by Figuer. The agent he employs is animal charcoal, 
which may be prepared by calcining the most compact beef oP 
mutton bones in a crucible, to which a cover must be luted, hav- 
ing a small aperture, to allow the escape of the gases, and of tbt 

■' Tbilips on tlje London Pliarin. p. 7. 
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otber volatile substances. Towards the close of the calcination, 
when no more flame issucS) this aperture must be closed, and the 
heat raised for half an hour. To a wine quart of cold vinegar, an 
ounce and half of this charcoal, linely powdered, is to be added, 
and occasionally stirred. Iii 9* hours, the vinegar begins to loae 
its colour, and, in three or four days, is entirely deprived of it. It 
is then lo be filtered throug;h paper, and it will be found (if tlie 
charcoal has been well prepared) to retain its acidity, without hav- 
ing acquired any unpleasant flavour. By reducing the quantity 
of charcoal to one half, tlie change is still effected, but more 
slowly- 
Acetous acid unites with alkalies, earths, and metallic oxides. 
turated with thts acid, is evaporated to dry- 
1CS a black colour. On being re-dissolved, 
however, and again evaporated, the salt is obtained while, and, 
when fused and suifered to cool, affords the acetate of potash. 

This salt strongly attracts moisiurc from the air, and is very 
soluble in water. When exposed to a pretty strong heat it is de- 
composed; carbonic acid and carbureted hydrogen gases come 
over; and, in the retort, there remains a mixture of carbon with 
carbonate of potash. 

When this salt is distilled, with half its weight of sulphuric 
acid, the vegetable acid is expelled in a very concentrated form, 
mixed with sulphurous acid. Digestion with a small portion of 
naRganesc, and subsequent distillation, alTurds it pure. It may 
be obtained, also, by distilling equal parts of acetate of lead and 
sulphate copper. Or 

The crysta^ed acetate of copper, contained in a glass retort, 
which iBiiy b"nearly filled with the salt, may be submitted to dis- 
tillation in a sand-heat. The acid that comes over has a green co- 
lour, and requires lo be rectified by a second distillation. Its 
specific gravity then varies from 1036 to 1080. If the products be 
reserved in separate portions, it has been observed by MM. De- 
rosne,* that those which are obtained towards ihe close, though 
■peclfically lighter than the earlier ones, are still more powerfully 
acid, assuming, aa the test of their strength, the quantity of alkali 
which they are capable of saturating The last products, it was 
found also, when submitted to distillation, yield a liquid which 
has even less specific gravity than water. This liquid may be ob- 
tained, in a still more perfect state, by satumting llie latter por- 
tions of acetic acid with caustic and solid potash) the acetate of 
potash precipitates; and a fluid swims above it, which may be 
rectified by distillation at a gentle heat. It is perfectly limpid; 
baa a penetrating taste; is lighter than alcohol; evaporates rapidly 
with the production of cold when poured upon the hand; and ia 
highly Inflammable. It does not redden litmus. Excepting that 
it is ml^cible, in any proportion, with water, it ha.^ all the quali- 

* AuoaleB de Chimie, Ixiii. iG'J, 
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ties of ether, and like ihat fluid lias the power of decompoeing tlic 

nitro-muriaic of gold. MM, Derosue have proposed for ti the 
name of fiyro-acciic ether. Its prodaction, ihey observe, is con- 
fined to ilie latter stages in the diaiillation of acetate of copper, 
and is owing, ihey suppose,. not to any modification of alcohol, biji 
to changes in the arrangement of ihe elements of the salt. 

These observations are confirmed by the subsequent ones of M. 
Molleral.* Examining mo portions of acetic acid) which had pre- 
cisely the same specific gravity, (viz. 1063,) he found that the one 
contained 37 fier ceni. of real acid, and the other only 41. The 
first he is disposed to consider as the strongest acetic acid thalcui 
be procured. It may be distilled at a very moderate heat with 
great rapidity, and without entering into ebullition. To this wid, 
having the spedfic gravity 1053 (and of which lao grains required 
for saturation 2S0 of snb-cai'bonate of soda,) he gradually added 
water, and found, though water is lighter Ihaii Uic acid, yet llmt 
the density otthc mixture increased till it became 1079. From 
this point, the additions of water occasioned a regular diminutioD 
of specific gravity. M, Chenevix ha^ since observed the same ano. 
maLy, in the acid produced from acetate ofsilver. 

Acetic acid, thus prepared, has several remarkable properties. 
Its smell is exiromely pungent, and it raises a blister when applied 
to the skin for a sufficient length oFtimc, When heated in a sUvef 
spoon over a lamp, its vapour may be set on fire. At the temparsi- 
turc of about SS" Fahrenheit it becomes solid and shoots into bean* 
tiful crystals, which again liquify at 40°. It appears not to be eanlf 
destructible by heat; for Mr. Chenevix transmitted it five timet 
through a red hot porcelain tube, with the cifect of only a pu^l 
decomposition. • 9 

Gay Lussac and Thenaid, and Berzelius, have recently analyKd J 
acetic acid; the two first by the combustion of acetate of bixytE^i I 
of known composition, with hyper-oxy muriate of potash, Tl^ I 
results arc as follow. One hundred grains of acetic acid consbldf W, 



The proportions obtained by Gay Lussac and Thenard inarli 
stated also as follows; 

Carlson . . * 50.224 

Oxygen and hydrogen in the same? ,, „,. 

proporiions as in water .... 5 
Excess of oxygen ; . ;>.865 
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The acetic acid enters, like vinegar, into combination witli alka- 
lies, eaKhs, and metallic oxides. 

' The ACETATE OF POTASH, foiTOed with this acid, is perfectly 
white; and does not, when liquefied by heat, become blacltened by 
the separation of charcoal, like that aiTorded by common vinegar. 
It is deliquescent, and soluble in about its own weight of cold wa- 
ter; and in twice its weight oFboiling alcohol. By distillation /ler 
*r, its acid is decomposed arid resolved into pyro-acetic ether, car- 
,tionic acid, and carbureted hydrogen gases, 

L AcKTATE OF aoDA IS Cry Stall izablc; does not deliquesce in the air: 
'tUssolves in less tlian its own weight of cold water, or in twice its 
■weight of boiling alcohol; and gives, by destructive distillation, 
umilar products to the acetate of potash. Berzeliua found it to 
"toDsist of 

Acetic aciil S6.95 

Soda 22,94 

Water 4U.II 



100. 



Or exclusively of water, 



f* 100. 

* Acetate of am^ioni* derives its only imporlance fi-om having 
llieen long eniploycil in a liquid form in medicine, under the name 
liaS Sfiiril of Mindererua. The solution does not yield crystals by 
hftwporationi but affords a deliquescent mass, which is readily aolu- 

glc m water and in alcohol; and, in its solid form, is volatilized at 
SO" Fahrenheit. 

Acetate of lime may be made, by carefiil evaporation, to crya- 
'tallize in the form of small silky needles. It is permanent in the 
'sir, and very soluble both in water and alcohol. According to Ber- 
aetius, it is composed of 

Acid 64.218 . . . 100, 



BABTTEs is a crystallizable salt, which does not 
grow moist, but rather loses a portion of its water, by exposure to 
the air. It requires for solution about twelve parts of cold, and not 
fluite two parts of boiling water. AicohoI dissolves only a very 
Bmall proportion. By distillation {ler ee, Mr. GhcncviK finds thjit 
Vol. II.-F f 



I 



it giveB pure pyro-acctic etlier, of the sjieciSc gravity, 0,B4S, ( 
loured by a little empyreumatic oil. Gay Lussac and Thei 

state its compositiun to be 



100. 



Acetate of STmONTiTEs is more soluble than the last mentiofl 
Kcetate, requlnng only about twice its weigbt of cold water for so- 
lution, lis properties have not been fully investigated. 

Acetate OF (iagnesia cannot be obtained in crystals, but only in 
the state of a thick viscid mass, which is extremely deliquescent, 
and soluble both in water and alcohol. 

Acetate of alumine is generally formed, by double decompo- 
sidoD, from the mixed solutions of acetate of lead or lime and ajil- 
phate of alumine. ft is a compound of considerable importance 
from its use in dyeing and calico-printing. When applied, how- 
ever, to these purposes, it contains always a quantity of common 
alum, and the properties of the pure combination of alumine wilb 
acetous acid are but imperfectly known. Gay Lussac,* howevcTt 
has found that it has the remarkable quality of being decomposed 
by heat and of depositing alumine, which it re-dissolves on cooling. 
The elTccl takes place, even in vessels hermetically sealed, sad 
when the solution has an excess of acid. It appears to bear some 
analogy to the coagulation of animal albumen. 

The metallic acetates have been, for tbe most part, alreadjf 
described in the history of the individual metals. To our know- 
ledge of this claEs of salts, some valuable additions have been nuile 
by Mr. Chenevix.f By distilling /irr se ihe different metallic ac*- 
tales, that excellent chemist found that the sails with bases ofleid, 
zinc, and manganese, yield a liquid lighter considerably than water, 
but heavier than alcohol, and containing only a very small propor- 
tion of acid. This degree of levity is owing to the presence of the 
peculiar fluid, which Derosne has termed pyro-acetic ether, but 10 
which Mr. Cfaenevix is of opinion, the less definite name ot fijfn- 
ocetic i/iirit will be better adapted, till we obtiiin a more accuHtte 
knowledge of its nature and properties. 

Of all the metallic acetates, that of silver gave a product of the 
greatest specific gravity, and of gi-eatest power in neutralizing alka- 
lies. In this respect, it exceeded, by about one fifth, an equal weight 
of the acid distilled fi'om copper. It contained, however, noneof 
the pyro-acetic spirit discovered in the acid from copper. The 
residuum in the retort contained, in every case, a proportion of 
charcoal. When the acetates of silver, nickel, copper, or kad, were 

* 74 Ann. de Chim. 33; and 6 Ado. dc Chim. et Phys. 201. 
f Ann de Ctiim. rol. Ixix.or Nichobon's Journal, vol. %xvi. 
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distilled, the metal was found in a metallic statei but 
panese were left in the stdte of oxides. 

The pyro-acetic spirit, obtidncd from the acetate of lead, Mr. 
Chenevix describes as perfectly limpid and colourless. It has a 
^IB, which at fiial is sharp and burning, but afterwards becomeil 
cool and somewhat resiiioiis. Us smell resembles that of volatile 
oils, but it is not easy to say of vihich particular one. Its specific 
gravity, when rectified by muriate of lime, is 0.864. It is very com- 
bustible, and leaves no sensible residue. Its boiling point is ISS" 
Fahrenheit, It Is mlscibie in all proportions, with water, with alco- 
hol, and with all the volatile oils, and, at a temperature considera- 
bly below its boiling point, with the fixed oils. When heated ii 
dissolves sulphur and «ax. 



CHAPTER XXU. 



ANtMAL SUBSTANCES. 




BFme products of vegetable and of animal life, though they agree 
Rmany of their external characters, and even in some of their 
ftemical relations, present several circumstances of distinction. 
Which, in general, sufficiently discriminate the two classes. Ani- 
inal substances are the results of still more delicate processes, and 
of a more refined orj^nization; and the balance of affinities, by 
which they exist, is disturbed by atLU slighter causes. To the 
three great components of vegetable matter (oxygen, hydrogen, 
utd carbon) a fourth is, in animal substances, added, and constir 
tutea a large proportion of their structure. To the nitrogen, 
which they contain, are owing some of the most important quali- 
ties that distinguish this class of compounds. Hence it is, that in* 
stead of passing through the vinous or acetous fermentations, they 
are peculiarly prone to undergo putrefaction; and that, during this 
change, they yield, among other products, both nitrogen gas and 
ammonia. When exposed to a high temperature, ammonia is, 
also, generated, in great abundance, by their decomposition; little 
or no acetic acid is produced; and the coal, which remains, dif- 
fers from vegetable charcoal, in being much less combustible. 
This general description, however, though it applies to most indi- 
viduals of the animid kingdom, is not strictly true with respect to 
all. Animal jelly, for example, is rendered sour by spontaneous 
decomposition. A few vegetable substances, it may also be added, 
gluten for instance, become at once putrid; and furnish ammonia 
when decomposed by heat. 

''Id the analysis of animal substances, less precision had tilt 
"*ely been attained, than in that of mineral and vegetable pr»- 
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ducts. It may be considered as ol" two different kinds. By the 
fifsi we obtain the liroximote pnnciples of animal xnaitci', or cer- 
tain compounds which, we niiy presume, are separated by the 
simple processes used for their extraction, in a state identical 
with thai, in which they exist in the animal structui-e. Thus b^ 
the long continued action of hot water on bones, we fopm a solu^ 
tion, which separates spontaoeoisly into two distinct substances, 
fat and gelatine; while l)ic earthy ingredients remain undissolved. 
The substances, thus obtained, ar^ not very numerous; and to dis- 
tinguish them from more complicited products they may be call- 
ed /irimary animal com/wunda. But, by spontaneous deconipoM- 
tion, or by the agency of heat, we give origin to a set of bodies 
which had no existence in the subject of experiment, the_wi(i(na(e 
elcnientu oi isiaQ\i are thus disunited, and are re-combined in a^ 
new manner. Bones, for example, though they contain no vola — 
tile alkali, are yet composed, in part, of its elements (nitrogeiL 
and hydrogen,) which, at a high temperature, unite and generat»=^ 
ammonia. 

The method of analysis, so successfully applied, by Gay Lnsaac:- 
imd Thenard, to the products of the vegetable kingdom, has beeik- 
extended, also, to animal substances;" and, in the history of eacht^ 
ihc proportion of its ultimate elements will be stated, chiefly oik. 
their authority, or on that of Berard or Prout. Animal sub- 
stances, they observe, contain much more carbon than those de— • 
rived from the vegetable world) in all of them, the hydrogen is iim. 
excess with relation to their oxygen; and lastly, the greater thiw- 
excess, the more azote they contain. It is remarkable, moreoTer^ 
that this azote, tmd the excess of hydrogen, are very nearly in tli9 
proportions required to constitute ammonia. 

Animal matters, then, such as fibrin, albumen, gelatine, &c. ars 
composed of charcoal; of hydrogen and oxygen, in the proportioDV 
required to foiui wiUer; and of hydrogen and azote, in the pro- 
portions necessary to constitute ammonia. They hold, therefor^ 
among animal matters, the same rank that sugar, gum, lignin, tec. 
possess among vegetable substances. The animal acids, again) 
consist, probahly, of carbon, oxygen, hydrogen, and azote, in sach 
proportions, that the oxygen ond azoie are in excess relatively to 
tbe hydrogen And the animal oils, on the other hand, will in all 
probability be shown to contain more hydrogen, than is suSicient 
to convert their oxygen into water, and their azote into ammonia. 
Thus animal substances will be divided, like vegetable ones, inift 
three great classes, relatively to the quantities of hydrogen, oxy- 
gen, and azote, which they contain. 

The primary animal compounds are not very numerous; the 

"Ann. de Chim, scri. 63; anil Berard, Ann. de ChJni. et Phys. v. S9Q, 

wheru the process is fulli desci ibed. See also Mr. Porn-'tl'B remarks, PbU.^ 
Trans. IGIS, p. 2SSi and Dr. Prout's in the Medico-Chirarg. Traoi,^ " 




feUowing list comprchcntiing, perhaps, tlie whole of those which 

're suftitiemly well characiurizeU. 



SECTION I. 

Animal Jelly^ or Gelatine. 

Anival jelly is an abundant in^edient, not only of the fluids of 
%1ie body, but of the hard and solid parts. Berzellus, indeed, in 
jSlis View ol' Animal Chemistry, p. 50, considers gelatine as a/ire- 
«ft(er of ihc operation of hoiiing; and denies its existence in any one 
Aatd of the body. This opinion, however, requires further evi- 
n iis favour. By long continued boiling it may be extracted 
le akin, membranes, ligaments, cai'tilages, and even from 
les. The solution, on cooling, forms a tremulent and im- 
frfectly cohering mass, well known by the name of jelly; and, if 
! watery part of this mass be dissipated by a very gentle heat, 
( obtain a hard semi-transparent substance, which breaks with a 
i|ssy fracture, and, according to the source from which it has 
n obtained, has the names of isinglass, glue,poriablesoup, Stc; 
which are varieties of animal gelatine. M. D'Arcet pre- 
jfires gelatine from bones, not by boiling, but by dissolving out 
the earthy matter by means of diluted muriatic acid. The gela- 
^e remains in a solid state, preserving the form of the bone, Tcr 
purify it from small remains of acid and fat, it is plunged for an 
instant Into boiling water, then exposed lo a current of cold waler^ 
nd tjuickly dried, in which state it is tmaUerable by keeping.* 
Isinglass, however, as the purest form under which gelatine com- 
monly occurs, will be best employed for the exhibition of its che- 
mical properties. 

1. Dry gelatine, when immersed in water, gradually absorbs it, 
nrells considerably, and becomes soft and elastic. At common 
leniperaturea, however, it is not dissolved; all that is thus effected 
being the absorption of a quantity of water, which it loses again by 
a gentle heat. But in hot water it dissolves slowly, yet completely; 
and affords a liquid which again gelatinates on cooling. These 
alternate solutions and desiccations may be repeated for any num- 
Vr ot times, without occasioning any change in the chemical pro- 
perties ol the gelatine which is submitted to them. 

* PIU. Mag. iivi 17. 
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The proporlion, id which gelatine forms a solution o 
conci'Cting by cooling, has been determined by Dr. 
One part of dry gelatine to 100 pans of water gav 
completely stifiuned by cooling; but one part of gelatine to IM 
parts of water produced a compound, which, though evident^ 
gelatinous, did not assume the concrete form. 

2. Gelatine in a solid state seems to be absolutely indestnictihl* 
when kept in a dry place; but, when in the form of solution or of 
jellyi it is generally said to become lirst sour, and afterwards pu- 
trid. The production of acid} however. Dr. Bostock informs mi) 
he is disposed to question. 

3. Gelatine ia insoluble in alcohol, but it is not precipitate)!, hf 
that fluid, from its watery solution. 

4. It readily dissolves in most of the acids. Isinglass, dissolicd 
in common vinegar by the assistance of a gentle heal, forms i 
very useful antl adhesive cement. Nitric acid, even when coM 
and very dilute, is a powerful anlvent of gelatine. When the solfr 
tion is evaporatetl, tlie acid and gelatine re-act upoti each otbo} 
nitrous gas is disengagedi and, if the concentrations be not carrica 
too far, oxalic and malic acids are obtained from the residuuRU 
Muriatic acid dissolves gelatine, and retains it unchanged in ulfl- 
tion. If oxymurialic acid be passed through a'solution of geS- 
tine, while fibments appear, which, when collected, are foundB 
be very flexible and elastic. They consist of gelatine, very Ullg 
qltered, and united with muriatic acid and oxymuriatic acid. Thff 
are insipid; insoluble in water and in alcohol; not putrescible; ip 
exert a feeble action on blue vegetable colours, although they ccS- 
tiiin a large proportion of acid. Exposed to the air during soiW 
days, they emit oxymuriatic acid at common temperatures; all 
etill more abundantly when heated. In alkaline solutions thq 
disappear, and muriatic salts are formed, t 

5. Gelatine is soluble in pure liquid alkalies. The solution n 
a brownish viscid substance, which has none of the characienrf 
soap,t and is not precipitated by ucids. This is a property whid 
distinguishes gelatine from albumen, fibrin, and other animal pro- 
ducts; and which points out a method of separating it from thtP 
in analysis. Owing to the solvent power of alkalies, they dowA 
occasion any precipitation in acid solutions of gelatine; but who 
ftdded in excess, dissolve it. 

6. Several of the metallic salts and oxides have the property of 
precipitadng gelatine; but not so unequivocally, as to be g^ 
teats of its presence. Goulard's extract of lead (prepared by boil- 
ing litharge in distilled vinegar) effects no change in a solution of 
gelatine- The same may be said of corrosive muriate of mercury- 
Nitrate of silver and nitro-muriate of tin produce a slight, and »1- 
most imperceptible, opacity. The addition of nitro-muriate of 



• Nicholson's .'onrnal, xi. and xlv. ^ Thenanl, I 
t Batcbett, l>biloso|iliical Traosaotions, 1800. 
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I causes a small r|uantity of a dense precipiiatc, rrom a boIu 
1 containing one 50th of gelatinC) but nut (earn more dilub 
■olu lions. 

7. One of the most active precipitanis of jelly is tan; and Dr, 
Bostock finds the extract of rh^taniu, digested in hot water, and 
Gllered after it becomes cold, to be a convenient form for keep! 
that test. When the proportion of gelatine to water is so small. 
U tu compose only one 5000th part of the solution, a considerable 
precipitate is produced by an infusion of galls (prepared by mace- 
ration an ounce of galls in a pint of water.) The stronger the so- 
lution of jelly, the more copious is the precipitate; till at length, 
irhen the gelatine is in large proportion, a dense coagulum is form- 
iod, which, after being dried in the open air, becomes a hard sub- 
stance with a vitreous fracture. This compound appears to be 
.equally formed, when animal solids, composed chiefly ofgelatine, 

iare immersed in solutions of tan; as when the skins of animals, for 
instance, are steeped in an infusion of oak bark. It is perfectly 
insoluble in water, and incapable of puliifying; and it constitutes 
the preservative part of tanned leather, to which it imparls the 
property of resisting the transmission of moisture. The operation 
of Canning, then, consists essentially in the attraction of tan, from 
liquors which contain it, by the gelatine of the skins. 

It would have been an important step towards the accuracy of 
' pte analysis animal substances, if we could have ascertained the 
quantity of gelatine in any fluid, by precipitating it with tan. But 
'Ut this there are two obstacles. Tan acts, also, on other animal 
IKuids; upon albumen for instance. It appears also, that into the 
jirecipitate of tan and jelly, these substances do not enter in abso- 
lutely lixed proportions. In general, however, Dr. Bostock has 
been led to conclude that the compound, formed by the union of 

{'elly and tan, consists of someF~hat less than two parts of Ian to 
hree of gelatine. And as wc always have it in our power to as- 
certain what quantity of tan is employed in precipitating any so- 
lution of jelly, we may, by an easy calculation, approximate the 
quantity of jelly, contained in th« fluid we are e^:amining. 

8. Gelatine has been analysed by Guy Lussac and Thcnard, who 
employed the chlorate of potash for its decomposition. One hun- 
dred parts were found to contain 

Carbon 47881 

Oxygen 37.J07 

Hydrogen 7.91* 

Azote 16.998 

100. 

1 this analysis, there are 4.204 parts of hydrogen, beside 
~s sufficient to saturate the oxygen; 
[We are not acquainted with those circumstances, that occasion 
t differences in the several kinds of anunal gelatine. Soma 
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valuable remarks on ihem niaj- be found in iVIr, Halchett'a ' 
servations on the component Parts of Animal Membrane,*" 



SECTION II. 

Jilbum-fn, 

With the exception of gelatinCi no fluid appears to 
largely into the composition uf animal substances, as albumen^ ' 
forms a large proportion of the blood and of various se 
and appears to be the chief basis of severnl of the solids; viz. of thi 
thin membrane which constitutes the cellular texture, as ^etl n 
of the skin, glands, and vesselsthat convey tbe fluids. 

The white of an egg, though not composed of an absolutelj'— 
pure albumen, contains it sufficiently so for the exhibition of U^hi 
properties. These will be found to be the following: 

1. By agitation with water, the two fluids unite, and form a. vis-^ 
cid liquid, the component parts of which do not separate by stand^-- 
ing. This solution gives a green tinge to vegetable blue colour^- 
a proof of the presence of uncombtned alkali. 

2. At the temperature of 160" Fahrenheit, undiluted albumei^^ 
becomes solid, a change wKich is called its coagutation. WheOMi 
the solid mass is cut into slices, and stiffered to remain for somtss 
hours, a few drops of a brownish viscid fluid ooze out, amount Vr "^ 
4^ grains from 100 of the original albumen submitted to expen-"^ 
ment. By a long continued gentle heal, the coagulated substandi^ 
itself loses at least four fifths of its weight; and the solid matter ie^ 
left behind, in the form of a hard bntlle transparent substance:^' 
Hence it will follow, that 100 grains of the white of egg consist oT 
80 grains of water, 4} uncoagulable matter, and only isj of pdrA^ 
albumen. At a temperature below that required for its coagtihk* 
tion. Dr. Bostock finds that It may be dried, and rcdissolved in 

Coagulation by heat is the distinguishing character of albumen, 
and affords an easy and obvious test of its presence; even when il 
forms a very minute pi-oportion of certain fluids. By adding it, in 
gi'adually diminished quantity, to water, Dr> Itostock found that & 
solution, containing only one loooih its weight of albumen, waa 
rendered perceptibly opaque by a boiling temperature. For all 
practical purposes, therefore, this may be considered as a suflS- 
ciently accurate test of its presence in any fluid. 

The uncoagulated part of the white of egg, Dr. Bostock ascer- 
tained, was not affected bymuriateofmercury, or by infusion of galls; 
but was copiously precipitated by Goulard's extract of lead. He 

* PLilosophical Transactions, 1800. f Medico-Chir. Trans, ii. 169. 
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considers it as a peculiar fluid to which he has given the name of 
mucus, Dr Marcet, who finds it to be an ingredient of several 
morbid fluids, has proposed to call it muco- extractive matter* 

Albumen, which has been coagulated by heat, though perfectly 
insoluble in water, unless by long boiling aided by a Papin's di- 
gester, appears to have undergone no change in its chemical con- 
stitution. During coagulation, there is no absorption of oxygen; 
no gas is extricated; and hence there appears to be no re-action of 
the principles of the compound on each other. The coagulum is 
taken up by dilute liquid alkalies with a disengagement of ammo- 
nia. From this combination it is precipitated,^ unchanged, by 
acids.t By long boiling in water, however, though no apparent 
solution takes place, Mr. Brande obtained, from coagulated albu- 
"inen, a fluid which had alkaline properties; and which gave, after 
evaporation, a viscid substance, soluble in water. This fluid he 
apprehends to be a dilute solution of albumen in alkali J 

3. Albumen is coagulated by alcohol, and by licids- The coagu- 
lum, formed by the latter, always retains in combination, according 
to Thenard, a portion of the acid which has been employed. That 
produced by nitric acid is least soluble; and hence nitric acid oc- 
casions a precipitate from solutions of albumen, which are so di- 
lute as not to be affected by other acids. The coagulum, produced 
hy acids, is re-dissolved by pure alkalies, even, as Thenard finds, 
hy ammonia, which does not dissolve albumen that has been co- 
•grulated by heat. 

Alum, probably in consequence of its excess of acid, coagulates 
•lV)umen; but does not act on very dilute solutions. One part in 
^00 of water is rendered slightly turbid by a solution of alum; but 
'^^la precipitate is formed. 

4. Albumen is coagulated by several of the metallic salts. So- 
'^Vi.tion of corrosive muriate of mercury, which has no effect on ge- 
■-^^tine or mucus, is a delicate test of the presence of albumen. A 
^Xngle drop of the solution, added to a liquor containing one i 000th 

s weight of albumen, renders it visibly milky; and, at the end of 
«me hours, a flocculent precipitate falls to the bottom of the ves- 
el. The same re-agent produces a sensible effect on a liquid, 
^^^ontaining only half thdt quantity, or one 2000th of albumen. 

Solution of corrosive sublimate, however, does not separate the 
"X«rbole of the albumen, unless heat is employed. The precipitate 
^s a compound of the metallic salt with albumen, in the proportion 
^f about one of the fonner to three or four of the latter. From the 
<juantity of corrosive sublimate, therefore requii'ed to decompose 
entirely a solution of albumen, we may infer the quantity of the 
latter; for three grains of the metallic salt, being entirely decom- 
posed, indicate 10 J grains of albumen. 

Nitro-muriate of tin precipitates albumen, but less actively than 

* Medico-Chir. Trans, ii. 377. f Thenard, Ann. de Chim. Ixvii. 321 . 
I Philosophical Transactions, 1809. 
Vol. XL— G g 
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the foregoing salt. Water, Lolding one 500lh of dbumeni was Dot 
altered by tins test, till after Bome hours, when it became milky. 
' ■' xBsions a preripiiaie; but the effect is equiv»> 

cal, from its precipitating, also, the muriate of soda. Nitro-mu- 
e of gold, throws down a dense precipitate from a solution con- 
taining one lOOOth of albumen. Goulai-il's extract occasions an 
abundant ilense coagulum. 

5. Solutions of albumen are decomposed by the addition of tan. 
When an infusion of galls, containing ^2^ parts of solid extract in 
LOO, is added to a liquor, of which albumen foims only one lOOOth 
part, no immediate effect is apparent; but, after some time, a pre- 
cipitate ensues. If infusion of tan be poured into a concentrated 
solution of albumeii, the precipitate has the consistence of pltclu 
is not aUBcepliblc of putrefaction; and, when dry, is brittle lilie 
(iver'tanned leather. The prt:cipitate by tan from diluted albumen^ 
Dr. Boslock observes, is incoherent, subsides very slowly, and CBt^p 
scarcely be separ^t^ed by a iiltre; whereas the precipitate from so- 
lution of jelly of the same strength is a hard dense substance) whiclf^ 
almost immediately separates tron) the iluid, and may be colleciec^ 
in a distinct mass. 

6. Albumen, in whatever way it has been coagulated, appeaTBB 
to be slow in undergoing putrefaction. Mr. Hatchelt kept it lac^ 
some weeks under water, without any tendency to that state. Ac -^ 
cording to Scheele, a smalt portion of coagulated albumen is 80I11— j. 
ble in dilute acids, and precipitable by the some acids when coiv— » 
centrated, By steeping albumen, for a month in dilute nitric 
acid, Mr. Hatchett converted it into a substance which was solubl'^ 

in water, and affected chemical tests like gelatine. 

7. Albumen contains a portion of sulphur in intimate combina.- 
tion, which gives it the properly of blackening silver. This effect 
is often observed to be produced by eggs on spoons of that metal; - 
and blood, evaporated in silver vessels, stains them with sulphurcl 
of sijver. 

Many theories have been formed of the cause of the coagulation 
of albumen; but the first probable conjecture on the subject ap- 
pears to have originated with Dr. Thomson.' The fluidity of al- 
bumen he supposed to depend on the presence of alkaline matter, 
and its coagulation on the removal of the alkali, or its saturatioD 
with some other substance. This suggestion has been confirmed 
by some well devised experiments of Mr. Bi-ande.t When the 
white of an egg was exposed to the action of a galvanic battery, « 
rapid and abundant coagulation took place round the negative polci 
while a thin film only collected at the positive wire. This more 
copious precipitation at the negative pole appeai-s to have been 
owing to the separation of alkalii and as it required, in order to 
produce the effect, a comparatively high electrical power, it should 
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follow that the rafiid abstaction of alkali is necessary to the perfect 
coagulation of albumen. 

White of egg, then, is a compound of albumen with alkali and 
water. When heat is applied, the alkali is transferred to the water, 
uid the albumen becomes insoluble. The alkalinie liquor, which is 
\, thus produced, re-acts upon and dissolves a small quantity of co- 
agulated albumen. When alcohol or acids are the coagulating 
powers the effect is owing to a like transfer of alkali. 

When the uncoagulable part of white of egg was exposed to a 
strong galvanic power, uncombined soda was found in the nega* 
tive cup; and muriatic acid with a little coagulated albumen in the 
positive one. Hence fluid albumen contains both free soda and 
muriate of soda. In the experiments of Mr. Hatchett, 500 grains 
of dry albumen afforded 74) of coal, of which 1 1^ were saline mat- 
ter, composed, besides the salts that have been mentionedi of phos-* 
phate of lime and of phosphate and carbonate of soda. 

From the researches of Mr. Brande it appears that galvanism 
may be applied to the discovery of very minute quantities of albu« 
men, which are not rendered sensible by any other test. In this 
way, he produced a rapid coagulation, at the negative pole, in se- 
veral animal fluids, in which albumen had not been supposed to 
txist It has been ascertained, also, by Sir £. Home, that albumea 
is coagulated by galvanic arrangements of too low a power to af- 
- feet even the most delicate electrometer; and hence he has pro<« 
posed albuminous fluids as tests of the presence of small quantities 
•f electricity.* 
* Albumen was found by Gay Lussac and Thenard, to consist of 

Carbon 52.883 

Oxygen 23.872 

Hydrogen 7.540 

Azote 15.705 



100. 



th 



eside, therefore, the hydrogen required to saturate the oxygeg, 
Ye are 4.285 parts in excess. 



SECTION III. 

Mucuu, 



The term mucus had been employed in a vague and general 
"rise, until Mr. Hatchett, in his valuable paper on the component 
P^^Tts of animal membrane,* attempted to assign to it a more defi- 

^ Pbilosophical Transactions, 1809. i PhiL Trans. 1 800, 



nite meaning. Jelly and mucus he considers as modificatiot 

ttie same substance, and as not essentially differing from i 
' other. The latter term he restricts to tliat animal substance, which 
-is soluble in cold water, and which cannot be U-oughi to asaume 
the gelatinous slate. Dr. Busiock, however, has endeavoured ic 
prove iliat mucus is a distinct fluid, characterized by a train of 
properties, which are entirely different from those of animal geia- 
tiiie." Fourcroy and Vauquelin have admitted, also, its claim if 
6e considered as a pecuKar compound.! They apply the term, ii 
EHi enlarged sense, to the viscid liquid, which lubricates the mouih, 
the oesophagus, the stomach, the intestines, and, in general, all 
Ihe cavities and passages of the body. It differs, they suppose, 
from vegetable gum, in nothing but in containing a proportioo of 
nitrogen. Id the descriptions of its characters, however, they art 
DUich less precise than either of the English chemists Berzelius, 
on the other hand, se^ns scarcely to admit any fluid entitled to 
the general name of niwru*,- and finds that its chemical characten 
vary in different parts uf Uie body, iiccording' to the purpose 
it is intended to fulfil in the animal economy.} 

The substance on which Dr. BosiocK's espcriments weremaie, 
was the saliva of the mouth, dissolved in water by agitation. 
appearance of coagulation was produced by raising the temperi- 
ture of this liquid to 212", nor, when the liquid was evaporated, 
and suRered to cool, did it show any tendency to gclatinaic. 

No cUstinct effect was produced on the solution of mucus, by 
adding niiro-muriate of tin, muriate of mercury, or infusion of 
galls. Goulard's estract occasioned an immediate opacity, apd, 
after some time, a flaky precipitate, Hence the effects, produced 
by the tanning principle and by Goulard's extract, establish a de- 
cided and essential diffei-ence between mucus and gelatine. Tan 
is a most delicate lest of gelatine; but does not, in any degree, al- 
fecl mucus. Goulard, again, is a sensible test of mucus, but not 
of jelly. Corrosive muriate of mercury, on the contrary, which 
discovers very small proportions of albumen, is not affected by 
either jelly or mucus. 

Hitherto, however, Dr. Bostock has not been able to devise'i 
method of determining, exactly, the proportion of mucus in aitT 
compound fluid. One great obstacle to all attempts of this kind 
is, that mucus, beside animal matter, appears always to contain ^ 
common salt, which acts upon the tests; so ihot it is impossible to ; 
Bay, how much of the effect is owing to each of these separate , 
causes. The precipitates, Ihi-own down from mucus by acetate 
of lead and nitrate uf silver, Mr. Brande has found to consist both 
of the muriates and phosphates of those metals. For 1000 grains 
of saliva, he obtained by evopuration 120 grains of dry residuum, 
of which twenty gi'^s were saline matter. The proportion of 

'* Nicholson's Journal, %L and sir. f Annales de Chimie, Isvii. 

I View of Animal Chembtqr, p- 68. 
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~^ WfAtSj ia the mucus of the trachea, was even still greater. This 
' .variety -of mucus, was not coagulated either by heat, by alcohol, 
or by acids. 

In order to obtain mucus free from neutral salts, it occurred to 
Mr. Brande to attempt their decomposition by electricity. With 

. this viejvir', a mixture of saliva and water was placed in a vessel in- 
termediate between two others, which contained water only (see i, 

'fig, 82,) and- which were connected, the one with the positive, the 
other with the negative, extremity of a galvanic apparatus. Fibres 
of cotton connected the central vessel with the two others. la 
ftbout ten minutes, ?i considerable quantity of white coagulum was 

.formed upon the cotton on the negative side; but none on the po- 
ntive. Thus albumen appears to be a constituent part of saliva, 
tliough not discoverable by the usual tests. A separation of alkali 
took place on the negative side; and henc^e Mr. Brande is disposed 
16 consider mucus as a compound of albumen and muria|:e of soda, 

".or of albumen and pure soda. The whole of this subject, how- 
ever, is s^ill obscure; and rec^uires to be illustrated by farther ex- 
periments. 

When mucus is evaporated to dryness by a gentle heat, no ma- 
terial change is produced in it. The result is a semi-transparent 
substance resembling gum, and, like it, soluble again in cold wa- 
ter. Neither alcohol nor ether dissolve it. By destructive distilla- 
tion, it yields only the common elements of animal matter. 

Mucus, as appears from Dr. Marcet's experiments, * beside 
forming an ingredient of several healthy secretions, exists in 
some morbid fluids, particularly in that effused in all the forms 
of dropsy. 



SECTION IV. 

r 

Fibrin^ or Animal Gluten. 

Fibrin forms the basis of the muscular or fleshy parts of ani- 
mals, and remains, combined with albumen, when all the soluble 
parts have been washed away by water. It may also be obtained 
from, blood, by laying the coagulum on a linen strainer, and pour- 
ing water upon it, till a white fibrous matter alone remains. 

For the purpose of submitting fibrin to a series of experiments, 
Mr. Hatchett obtained it by digesting shreds of lean beef, during 
1 5 days, in water, which was changed daily, the temperature being 
such as not to excite putrefaction. The shreds of the muscle 
were then boiled for five hours every day, during three weeks, 
changing the water at each boiling; and, finally, the residue was- 
put into a press, and dried by the heat of a water bath. 

The following history of the chemical properties of fibrin is de- 
rived chiefly from a memoir of Berzelius. 
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1. Fibrin is insoluble in cold water; but water, after being boiled 
upon it for some hours, is found to have acquired a milky hue^ 
and) on tlie addition of infusion of tan, affords a precipitate of 
white and distinct flocculi, which do not cohere like those pro- 
duced by gelatine. The liquid, obtained by boiling fibrin, dotit 
not gelatinate, to whafcver degree it may be concentrated, but 
gives a white, dry, hard, and friable residue, which is soluble in 
cold water. By long boiling in water, fibrin loses its property of 
softening and dissolving in acetic acid. 

2. Alcohol, of the specific gravity .810, converts fibrin into a 
kind of adipocirous matter, which is soluble in alcohol, and is pre- 
cipitated by the addition of water. When alcohol, which has been 
digested on fibrin, is evaporated, a fatty residue is left, which did 
not pre-exist in the fibrin. By the action of ether, fibrin is con- 
verted into an a£^//{oc/r^,, similar to the preceding, but in much 
greater abundance, and distinguished by a much more disagreea- 
ble odour. 

3. In concentrated acetic acid, fibrin immediately becomes soft, 
transparent, and, with the assistance of heat, is converted into a 
tremulous jelly. By the addition of warm water, this jelly is com- 
pletely dissolved, with the evolution of a small quantity of azodc 
gas. The solution is colourless, and of a mawkish and slightly 
acid taste. By sufficient evaporation, the gelatinous substance is 
reproduced, which, when completely desiccated, is a transparent 
mass, insoluble in water without the addition of fresh acetic acid. 
The solution gives a white precipitate with ferro-prussiate of pot- 
ash, and with pure alkali; but a slight excess of alkali re-dissolves 
it. Sulphuric, nitric, and muriatic acids also occasion a precipi- 
tate, which consists of fibrin and the acid that has been employed. 
When laid on a filter and washed, a certain quantity of this acid 
is carried off by the Avatcr, and the remaining substance is soluble 
in pure water. 

4. In weak muriatic acid, fibrin shrinks, and gives out a little 
azotic gas, but scarcely any portion is dissolved, even by boiling. 
Concentrated muriatic acid, when boiled on fibrin, decomposes lU 
and produces a red or violet coloured solution. Fibrin, that has 
been di|i;estcd with weak muriatic acid, is hard and shrivelled. By 
repeatedly washing with water, it is at length converted into a 
gelatinous mass, which is perfectly soluble in tepid water. The 
solution reddens litmus paper, and yields a precipitate with acids, 
as well as with alkalies. 

5. Concentrated sulphuric acid decomposes and carbonizes fihrin. 
The same acid, diluted with six times its weight of water, and di- 
gested with fibrin, acquires a red colour, but dissolves scarcely any 
thini^. The undissolved portion is a compound of fibrin with an 
excess of sulphuric acid; and when this excess is removed by wa- 
ter, a neutral combination is obtained, which is soluble in water, 
and possesses the same characters, as the neutral compound of 
fibrin and muriatic acid. 
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6. Nitric acid of the specific gravity 1.25 disengages at first 
ikzotic gas from fibrin, pure and unmixed wi^h nitrous gas. By con* 
tinuing the digestion 24 hours, the fibrin is converted into a pul« 
Terulent mass, of a pale citron colour, which, when placed on a 
filter and washed with a large quantity of water, becomes of a deep 
orange colour. This yellow substance was discovered by Fourcroy 
and Vauquelin, who obtained it by treating muscular flesh with 
nitric acid, and who gave it the name of yellow acid. Berzelius has 
ascertained that it is a combination of nitric and malic acids with 
fibrin, which is in some degree altered by the process. 

7. In caustic fixed alkali, fibrin increases in bulk, and, at length, 
is completely dissolved. The solution is yellow with a shade of 
green; and is decomposed by acids; but the precipitated fibrin 
seems to have undergone sgme change, for it is not, as before, 
soluble in acetic acid. The compound of fibrin and alkali has not 
say analogy with soap, which Fourcroy asserts that it resembles. 

8. Fibrin has been analyzed by Gay Lussac and Thenard, and 
#)UDd to consist of 

Carbon ...••... 53.360 

Oxygen 19.685 

Hydrogen . 7.021 

Azote * . . 19.934 



100. 



Besides the oxygen and hydrogen in the proportions required 
to form water, there is an excess of 4.337 parts of hydrogen per 
:i:ent. 



SECTION V. 

Urea. 

, I. Urea maybe obtained by the following process: Evaporatei 
by a very gentle ,heat, a portion of human urine, voided six or eight 
hours after a meal, to the consistence of a thick syrup. In this 
state it concretes, on coolings into a crystalline mass. Pour on this> 
at different times, four times its weight of alcohol, and apply a 
gentle heat, which will effect the solution of the gpreater portion. 
Decant the alcoholic solution, and distil it by a water bath, till it 
acquires the consistence of syrup, which is to be poured out of the 
retort. On cooling, it forms a crystallized substance, which is the 
urea, not however in a state of complete purity. 

II. 1 . Urea, thus obtained, has the form of crystalline plates, 
cxossing each other in various directions. It has a yellowish white 
colour; a smell somewhat like that of garlic; is viscid, and difficult 
to cut; and has an a«rid strong taste. It deiiquiates; when exposed 




to the air, into a thick broivn liquid. Il is extremely boIuIi) 
water, and absorbs cdloric duriii); solution. Alcohol dissolfl 
readily, but in less proportion than water; and the alcoholic 
tion yields crystals more readily than the watery one Berseliull 
processes which he has not described, obtained urea quiteHl 
from colour, and formi^ig distinct prismatic crystals like nit¥ 
Even in this state, he observes, it is s'ill obstinately combined wilfr 
lactic acid, lactate of ammonia, and the peculiar animal maiter) 
which aluays accompanies the lactates. It is this animal malteri 
which gives the \irinc its colour. 

Dr Proiit was induced by the observation of Berzelius to at- 
tempt the preparation of pure urea, and succeeded by the following 
process. 

Fresh urine was carefully evaporated to the consistence of sympt 
and to this, when quite cold, pure concenirsted nitric acid vha 
added by degrees, tjll the whole became a dark-coloured erystd- 
Hzed mass, which wus slightly washed with cold water, and suffered 
to drain. To this mass, a pretty strong solution of sub -carbon ata 
of t>otash or «oda was added, till the whole became neutral. The 
solution was carefully concentrated by evaporation, and set asidcy 
in order that the niirc might separate by crystallization. Thetiquer 
drained from these crystals was an impure solution of urea, whicb 
was mixed with a sufticient quantity of animal charcoal to form it 
into a thin paste. To this, after remaining a few hours, water waa 
added to separate the urea, and the colourless solution was evapo- 
rated at a very gentle heat to dryness. From the dry mass, bailing 
alcohol separated the urea, and left the nitre and most of the saline 
substances behind, and from the alcoholic solution the urea was 
obtained pure by evaporation and crystallization, the solution ia 
alcohol being repeated if the crystals were coloured. 

UnEA thus purified most fret|uently assumes the form of a four- 
sided prism. Jts crystals are transparent and colourless, and have a 
slight pearly lustre. It leaves a sensation of coldness on the tonguo 
like nitre. Its smell is faint and pecdliar, but not resinous. It dou 
not affect the colours of litmus or turmeric. On exposure to the 
air it slightly deliquesces, but does not seem to be decomposed. 
At a strong heat it melts, and is partly decomposed, and partlf 
sublimes unaltered. The specific gravity of its crystals is aboiit 
1,3S0. They are soluble in an equal weight of water at 60" Fah- 
renheit, and to any extent in boiling water. Alcohol at 60" Fah» 
renheil, dissolves about one fifth of its weight, and at 213° mora 
than its weight. 

a. The concentrated solution of urea in water yields, on the ad- 
dition of nitric acid, a copious precipitate of bright pearl -coloured 
crystals, resembling the boracic acid, Oxalic acid produces the - 
same effect; but in neither o these compounds are ihc acids neu- 
tralized. The nitrate of urea, Dr, Proul finds to consist of 

• View of Animal Chemistry, tito. p. 101. 



Nitric acid . . . . . 47.3? = 1 atom 



100. > 

, The concentrated solution of impure (ireai in water, is brownj 
nes yellow, when largely diluted. Infusion of galls gives 

_ UfellowUh brown colour, but causes no precipitaiej ooi' is it pre* 

[Stated by infusion oftan. 

en heal is applied to urea, itinelts,Bwdls, and evaporates, 
Vah an insufferably fetid smell. Ry distillation, it yields above two 
tliirda its weig-ht of carbonate of ammonia; about one fourth of 
benzoic acid; besides carbureted hydrogen, and a residuum com- 
posed of charcoal with muriates of aoda and ammonia. 

S. Thesoluiiouofurea, in water, putreSes, and is slowly decom- 
posed^ but much more rapidly, if a little gelatine be added. Am- 
monia and acetic acid are Che prod acta of its decomposition. If the 
, Bojution, instead of being left to putrefy, be kept in a boiling tem- 
perature, and fresh water be added as the evaporation goes on. the 
urea is at length wholly decomposed. The condensed vapour ia 
found to contain carbonate of ammonia; acetic acid is formed; and 
a portion of charcoal remains in the fluid contents ofthe retort, It 
has been aucertaiued, by those who distil the volatile alkali from 
Brine, in manufacturing processes, that an equal quantity of am- 
monia is obtained whether the urine has underijone putrefaction 



6. When a mixture of ui 






B -fourth its weight of diluted 



c acid is distilled, a quantity of oil appears on the surfacei 
frhich concretes by cooling; acetic acid passes over into the re- 
ceiver; and sulphate of ammonia remains in the retort. The repe- 
tition of this process converts the whole of a portion of urea into 
ammonia and acetic acid. 

7. Nitric acid when heated acts rapidly on ureai nitrous, azotic, 
Ouid carbonic acid gases, are disengaged; and prussic acid and am- 
anoma are generated. The residuum, when dried and ignited, de- 
"Vonates like njtrate of amnionia. 
. a. Muriatic acid dissolves urea without alteration. When a 
~ ^ream of oxy muriatic acid gas is passed through a solution of ureaj 
the gas is rapidly absorbed; and white tiakes are formed, which 
«oon assume a brown colour. After the solution has become satu- 
Tated with gas, the effervescence still continues; and carbonic acid 
and nitrogen gases are evolved. Tht residuary liquid contains 
both carbonate and muriate of ammonia. 

9. Urea is soluble in alkaline solutions; and, at the same time, 
undergoes a partial decomposition. A strong smell of ammonia 
arises, probably from the action of the potash on the muriate of 
ammonia which is contained in urea. When solid potash, haweverj 
ta triturated with urea, the disengagement of ammonia is loo great 
ia be explained in this way; and can only be accounted for) by iUB- 
Vol. II— H h 
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posing the volatile nlksU to be Tormcd hy the union of its elements. 
A strong solution of potaBh, heated with urea, pnuduces a similar 
cfTect: t large quantity ofammonia is generated; the residuum ^ 
luted with water effervesces violently from the escape of carbonic 
ftcid gaa; a fiocculent precipitate is forniEd, which has the (|uaUtteB 
of a concrete oil; and the liquor, when di&tilkil, gives> both . acetic 
and benzoic acid?. 

10. Urea has the property of changing the form oflhc crystaU 
of muriate of soda; a solution of that sail, mixed with one of urea, 
affording, on cvaporatioji, ocbiohcdrul crystals. Muriate ofanimo- 
nia, on Che contrary, which usually crystallizes in octohedrons, hu 
the form of its crystals altered, by similar treatment, to tb&t of 
cubes. 

Of all the animal fluids, urea appears most readily to undergo 
decomposition, both from spontaneous changes in the atrangemetW 
of its elements and from the action of other substances. FronirA 
cat'eful examination of the products ofits distillation with .oxi|3e of 
copper, Dr. Prout has given the following as the proportions of iu , 
elements. One hundred parts consist of 



Carbon . . 
^Iyllrogcn . 


. . . 26.66 = I atom or J -volume 
. . . '46.66 = 1 atom or 1 volume 

. . . 19.99 = I atom or !■ volume 
. . . 6.65 = 2 atoms or 2 volume 









SECTION VI. 




Miimul licsina. 



The properties of ammal r^ina have not been full)^ investigabed; 
but, so far as tUey have hitherto been examined, they appear to 
differ considerably from those of the vegetable kingdom. 

Tbe RESIN OF BiLB [nay be obtained by the following process.' 
To '23 parts of recent ox bile, add one of concentrated muriatic a«d. 

\Vhcn the mixture has stood some hours, strain it, in order to 
separate a white coagulated substance. Pour the filtered liquor, 
which has a fine green colour, into a glass vessel, and evaporats 
by a gentle heat. At a certain point of concentration, a green sedi- 
pient lalls down, which, afler being sepai'ated from the liquid part, 
and washed, affords what has been considered as resin. Bcrzelius, 
however, (as will be more fully staled in the section on bile,) de- 
nies that it is a true resin. 

1 . The resin of bile has a dark brown colout; but, if spread out 
fine, on a while ground, it exhibits a bright grass-green. Jt is in- 
tensely bitter. 

2. At about 123° it melts, and in a high temperature burns r"- 
pidly. It is soluble both in cold and hot w " ""■ 



hie 



i alcohol, from whi«fa 



ind stain 
it is ill part precipitated by w; 
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^ -'3. With pure alkalies it combines, and forrns a compound, 

I iWiich has been compared to soap. From these it is precipitated 

I jBihchanged by acids. 

4. When farther oxygenized, by adding oxy muriatic acid to 

1 bile, the resinous portion has its properties considerably altered; 
^ it acquires the colour and consistence of tallow; melts at 14b°; 

•""* and dissolves in ajcohol and in hot water. 

^ Besides this resin, there are several animal substances which 
T2 possess similar qualities. Such are the ear-wax,, ambergris, cas- 
!" tor, &c.; for an account of which the reader may consult the 'fifth 
5 volume of Thomson's Chemistry. 



i SECTION VII. 

? ■ ' minimal Sugar. 



Sugar enters pretty largely into the composition of milk; and 
' into the urine, Avhen altered by disease. It may be obtained from 
milk by the following process: 

I. Let whey be evaporated to the consistence of honey, and al- 
lowed to cool. It concretes into a solid mass, which is to be dis- 
solved in water, clarified by white of eggs, filtered, and again 
evaporated to the consistence of syrup. On cooling, a number 
- of brilliant white crystals are deposited, which are the sugar of 
' milk. 

1. Sugar of milk has a sweetish taste, and no smell. 

2. It requires for solution, seven parts of cold or four of boilii^g 
water; and is insoluble in alcohol. In these properties it differs 
from common sugar, and also in its relation to nitric acid, which 
will be aftei'wards stated, under the head of saccholactic acid. 

Gay Lussac and Thenard have obtained by their analysis, the 
following results, which correspond, almost exactly, with those of 
^Berzelius. 

Carbon 38.825 

Oxygen 53.834 

Hydrogen 7.341 

100. 

The oxygen and hydrogen are in the proportions necessary to 
form water; and the carbon is in excess. 

3. When exposed to heat, it melts and burns with the same 
appearances as common sugar, and with a similar smell. 

II. The urine of diabetic patients yields sugar on evaporation, 
which approaches more nearly" in its characters to those of vege- 
table sugar, but is generally said to be incapable of crystallization^ 
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By exposing the solution, however, for some time to the air, 
removing occasionally the scum which is formed, I have oUained 
beautiful whita crystals, not inferior to those of vegetable sugai. 
Chevreul has, also, obtained similar crystals, which when draineil, 
then pressed, and dissolved in hoi alcohol, gave a solinioii thiilbf 
Blow evaporation afforded perfectly white ciystals. In its proper" 
ties, diabetic BUgar he found to approach most nearly to the EUgu 
obtained from grapes;* and Dr. Piout, by analysis, finda its o 
position precisely similar to that of vegetable sugar.f 



SECTION VIII. 

Animal Oils. 

Amimai, oils differ fi-om the vegetable oils, in being generellf 
•olid at the temperature of the atmosphere, but are similar n 
them in other properties. Among animal oils, may be rankol 
butter, tallow, lard, suet, spermaceti, ;' 

I. Spermaoeti (called by ChevreulJ cetine) bears some reseoh 
blance to wax, but differs from it in other properties. It is mora 
readily fusible, vis. at lt'2° Fahrenheit; and is less soluble in boil- 
ing alcohol, of which it requires ISO times its weight. It is co- 
piously dissolved by boiling ether; and the sohuion, on cooUiiei 
becomes a solid mass. Pure potash acts on it more remarkaUf 
than on wax; and the compound is quite soluble, forming a trut 
soap. A heated solution of ammonia affords a liquid, which !i 
HI* precipitated by cooling, or by tiie addition ofwater; but wdi- 
composed by acids. From the solution by potash, Chevreul sept' 
rated, by adding an acid, a substance, which he terms cec/f ortL 
It is a white solid, fusible at nearly the same point as spermauAi 
but which does not, on cooling, crystallize in plates. It is insoln* 
ble in water, but much more soluble in alcohol than spermacuii 
and is susceptible of union with various bases, with which it fbmi 
salts or Boaps.$ 

II. A singular instance of the production of animal oil from the 
lean or muscular part of animals, is presented by the converaini 
of muscle into a substance resembling spermaceti, and called bf 
the French chemists AniPocmE. To effect this conversion, it il 
only necessary to confine the fleshy part of an animal in a boii 
with several holes in it, under the surface of a running streun. 
When thus conGned, the change takes place spontaneously in ihs 
course of a few months. But it may be accomplished much sooDCTi 
by digesting animal muscle in strong nitric acid, and washing off 
the acid by water, as soon as the change has ensued. The sub' 

* 95 Ann. de Chim. 319. 

■1 Ana. de Chim. et Pbys. rii. I 
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staj)ce> thus obt^nedt may be bleached) by exposure to chlorine 
gas, From llie experiments of Chevreul and of Gay Lussac,* the 
&tty matter thus obtained appears to be separated, rather than 
formed) by the proceaseii which have been described. Their in- 
ferences, however, aie not admitted by Dr. Thomson. t 

Adipocire has a Hghf yellow colour, the consisteiice of tidlowt 
uid a homogeneous texture. It melts at art inferior temperature 
lo eiiiiei- of the foregoing bodies, viz, at 92° Fahrenheit. Cold 
alcohol has little action, but when heated, dissolves about one- 
fourth or oiie-fifth its weight. On cooling, it is deposited nearly 
white, and the alcohol has acquired a yellow tinge. Boiling ether 
dissolves nej^t^f one-fourth, ivhich separates, almost white, on 
cooling. Fixed alkalies act on this substance, as on wax and sper- 
maceti, forming with it a soluble soap. Cold ammonia scarcely 
attracts it, and in tliis respect it differs fram both tbu preceding 
substances. 

III. The FATof animals may be separated from the membranous 
and other substances, with which it is united, by melting it with a 
gentle heat, and with the addition of a small quantity of water. 
Fat, which has been thus prepared* is called lard when of a soft 
consistence, and lal/aiu when harder. From the whale and some 
other animals, the fal is obtained fluid, and is then called animal 
oil. 

Animal fat is insipid and free from smell. It cannot be com- 
bined either with water or with alcohol; but it unites with alkalies 
^nd forms soap. It is opt to become rancid by keeping, owing to 
,the formation of an acid, most probably by thp oxygenation oi gc- 
Jfttine, or of some other animal substance which the fat contains. 

Fat melts at a very moderate heat. Lard becomes fluid at about 
83" Fahrenheit, and tallow a few degrees higher. At a still 
Itigher temperature, it is decomposed, and yields, among other 
products; a large quantity of olehant gas. Hence its licness for 
artificial illumination. 

If fat be melted with about one sixteenth its weight of nitric 
. acid, the mixture being kept fluid, and constantly stirred for some 
time, a considerable change is produced in its appearance. Nitric 
oxide and nitrogen gases are evolved; and the lai-d becomes gra- 
nular, of a flrmer consistence, and soluble in alcohol. Any adher- 
ing acid may be removed by washing it with water. In this state, 
it has heel! called by the French chemists oxygenated fat. 

Melted fat dissolves both sulphur and phosphorus. It unites, 
also, with several metallic oxides, and forms compounds, which 
have nearly a solid consistence. 
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Ithfts lieen shown by the expcvimei»ts of Chevreul, which 
been continued by those uf Braconnot," thai fat is not homoge- 
neous, but composed of two distinct substances. When hog's 
lord is heated with alcohol, the fiiiit! on cooling deposits while 
crystBltine needles, which may be piiilficd by again disolvin^ them 
, in hot alcohol, and allowing ihetn to crystallize a. second lime, T>» 
the solid thus obuined, ChevreOl has p;iven the ttmne of «lfanji{ 
from fhif tallow. It 19 while, brittie, and fi'ee from taste and 
smdi, and in appearance resembles wax. Its point of fusion yarie* 
fi'om 109* lo 120" Fahrenheit, according to the aoiffts from whicB 
it has been obtained, h is soluble in heatetl alcohol; and is con-' 
vertible into soap by beini^ trt-aled with alkalies. ~ 

: When the alroholic sohiiion of fat, after having deposited all Its 
Etearin, is submitted to distillation; there remains an oil, which ir 
fluid al 59° Fahrenheit, and is called by Chevreul eiain (from (MtWi 
oil.) ll has generally both colour and smell, but these arc not 
essential to it, and depend on the source from which it has beai 
obtained. It is convertible into soap with alkalies. 

Braconnot separated Ihcse two component principles from eiich 
other, by simply pressing fat between folds of blotting paper, whicb 
imbibes only the elaVn, and again gives it out on being moistened' 
with water and submitted to prcssnre. The proportion of the ItO 
ingredients differe considerably in different varieties of fat. Stei^ 
rin being the cause of its hardness is, of course, most abundant b^ 
fat of lirmest condstence. 

When hog's lard is made into a soap with potash, and this soi^'' 
is put into water, it is partly dissolved, and partly deljosited ip 
pearl-coloured scales. These scales consist of potash united widi*. 
a peculiar acid, which is separated by adding a'due quanciiyW 
muriatic acid, and floats on the surfaceof the li^juor. ChevreflV 
at first gave it the name, of mari^orine (from tiit^afi-tT.%, a pcortiJT 
but afterwards proposed that of margarilic acid. It is tastcle^ 
but reddens litmus, is fusible at 134", and on cooling shoots int^ 
brilliant while needles; floats on water, and is insoluble in it; but S', 
soluble to great extent in alcohol. It unites with potash in tvff' 
proportions, viz. that of 100 acid to 8.80 potash, and of 100 aciiti', 
n.T7 potash. It is, also, capable of uniting with other salifiable' 
bases. ' 

That portion of the soap of hog's lard, which remains dissolve^ 
in water, is a compound of potash with a diflerent acid, mixed bow-' 
ever witli some proportion of the margarilic. To separate thii* 
acid, the soap was decomposed by tartaric acid; the o/ric add thui 
obtained, was again saturated with potash, and the compound again ' 
decomposed by tartaric acid. After two or three repetitions oF 
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this process, an oily fluid was obtained, destitute of smell and co^- 
l^ur; of the specific gravity .899; and remaining fluid till cooled to 
'W°> or, in some of its varieties, to 43**. This acid does not unite 
with water, but is very soluble in alcohol. It unites also, with sali- 
fiable bases, and forms a variety of salts or soaps, the precise com* 
position- of which has been stated by Chevreul.* 

A Very remarkable experiment has been performed by Berard, 
the result of which has been the production of a substance resem- 
Ibling fat from bodies in a gaseous state. It consisted in mixing 
together one volUme of carbonic acid, 10 volumes of carbureted 
hydrogen, and 20 volumes of hydrogen, and passing the mixture 
through a red-hot porcelain tube. He obtained a substance in 
small white crystals; lighter than water, soluble in alcohol, and 
fusible by heat into a fluid resembling a fixed oil.f Dobereiner is ' 
said, also, to have obtained a similar product by igniting a mixture ■ 
of coal gas and aqueous vapour. 



SECTION IX. 

minimal Acids* 

Of the acids, that have hitherto been discovered to enter intfe 
the composition of animal substances, several have already been 
described, viz. the phosphoric, sulphuric, muriatic, carbonic, ben- 
zoic, acetic, and malic. Besides these, the following are either 
<x>iiiponent parts of animal substances, or are formed by treating 
them with chemical agents. 

I. The uric acidy or iithic acidj exists in human urine, even in 
its most healthy state. The substance, occasionally voided along 
with the urine, and called gravel, consists for the most part of uric 
acid; and this acid forms, also, one of the most common ingredi- 
ents of urinary calculi. It may be obtained; by dissolving a cal- 
culus of this kind (the external characters of which will be here- 
after described,) reduced to fine powder, in solution of potash; de- 
composing the clear solution by muriatic acid added in excess; and 
crashing the precipitate with a large quantity of distilled water. 
The precipitate may be drained, and dried at 212**, a temperature 
suflicient to deprive it entirely of water. 

1. Uric acid, when pure, is destitute of colour, taste, and smell; 
it dissolves in 1720 parts of cold water, or 1150 parts of boiling 
water; from which, on cooling, much of the acid precipitates. 
The solution reddens vegetable blue colours, and combines readily 
with pure alkalies, but does not effervesce with the alkaline car- 
bonates. Fixed alkaline solutions dissolve a considerable quantity 
of uric acid, if the alkali be in excess* The saturated compounds,^ 

* Ann. de Ciiim. xciv. 263. f Thomson's Annals, xiL 41.- 
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however, of uric acid with alkalies, termed urates, are not q 

more aoluble than the acid itself. The combination of uric J 

with soda, constitutes the principal part of the concretions fodOA 
near the joints of gouty persona. 

2. Nitric acid dissolves the uric acid, and the solution stains the 
skin of a pink colour. If the solution be boiled, carbonic acid and 
nitrogen gases escape, and prussic acid is formed, On evaporation 
to dryness, a bright red or carmine coloured mass remaius, coa- 
aisiing, as appears from the analysis of Dr. Prout, of ammoniat 
united with a new acid recently discovered by him, to which he 
has given the name of /larflurk acid, frota the beautiful purple 
colour eshibited by its compounds.* By repeatedly distilling ni- 
tric from uric acid, the latter is at length wholly decomposed; cftT* 
bonic acid and nitrogen gases are evolved; and a strong smell of 
prussic acid is produced. The residuary fluid deposits trystaSai 
which Dr Pearson found to be nitrate of ammonia. OKy-murittio 
acid occasions the formation of muriate of ammonia, and of oxalic 
and malic acids. 

3. When the ui'ic acid is distilled /ler ae, about one fourlh its 
weight oi' a yellow sublimate arises, which contains no uric aci(^ 
but a new and peculiar one combined with ammonia. A few dropii 
of thick oil make their appearance; and carbonate of ammoniS) 
with some prussic acid, water, and carbonic acid, are obtained'' 
In the retort ihere remains about one sixth of charcoal. By bbIh 
milting uric acid to destructive distillation along with ojndfrMjF 
copper, Gay Lusciac determined that the carbon is to the BBOt* 
which it contains, in vtdume, as 2 to I, as is also the case in cyano^ 
gen.t It has bien shown, also, by Berard, that in uric acid) Ae 
hydrogen is to the oxygen in a greater proponion than in waie^ 
contrary to what has been established with respect to veget^h 
acids, t Dr. Prout has, also, analyzed uric acid by the same ^iv> 
cess as that of Gay Lussac, and £ads it to be composed of 



Hydrogen 
Carbon . 
Oxygen . 



. 2.857 = 1 atom or I volume 

. 34-2S(> = 2 atoms or 2 volumes 

. 32.857 = I atom or j volume 

,40. =1 atom or 1 volume 



11. There is a substance well known to physicians, as a deposit 
from Ibe urine at certain stages of fever, at the close of attacks of 
gout, and in other diseases, under the name of lateritious sediment, 
According to Proust, this sediment contains, mixed with uric acid 
and phosphate of lime, a peculiar acid, which he terms the ronacie, 
from its resemblance in colour to the rose. This acid, he observes, 

* Thomson's Annals, xii. 68. 1 96 Ado. dc Cliin. 53, 

t Ann. de Chim. el PLjb. v. 3^5. 
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differs chiefly (rom tlic uric, in bein^ very aohible In hot 
having little tendency to crystallize: and in precipitating muriate 
of gold of a violet colour. The experiments of Proust were con- 
firmed and extended first by Vauquelin and aftetTpards by Vogel.* 
The latter chemist finds thai concentrated sulphuric acid convci'tft 
roaacic acid first into a deep red powder, and afterwards inloa white 
insoluhle substance which has all the properties of uric acid. Nia-lo 
■cid effects the same change. It appeal's, therefore, that the rusikcio 
and uric adds diff'cr but little from each other, and that the tfansl« 
lion is easily made fiMin the former \o the latter. 

III. The amniotie acid has been discovered by Fourcroy and 
Vauquelin, in the liquor of the amnios of the cow, from which, by 
rfdw evaporation, it separates in while crystals. It has a brilliant 
ajipearance; a slight degree of sourness; reddens vegetable blues; 
t> scarcely soluble in cold water, but readily in hot, from which it 
separates, on cooling, in long crystals. It is also soluble in heated 
alcohol. It combines readily ivith alkalies and forms neutral saltsj 
from which the amniotic acid is precipitated by other acids. It 
does not decompose alkaline carbonates; nor does it pi'ecipitate 
nits with earthy bases, nor the nitrates of silver, mercury, or lead< 
By a strong heat, it is decomposed, emits ammonia and prusslc 
ttcid, and leaves a bulky charcoal. 

IV. The laetii: acid forms a component part of sour milk; from 
which the acid may be obtained by gently evaporating it to about 
Blie eighth; filtering to separate the curd; and adding lime-water 
to the residue. An earthy precipitate is formed; from which it may 
be separated by oxalic acid. The lactic acid is thus obtained in an 
fanpure state, dissolved in water. Evaporate the solution to the 
consistence of honey; on this pour alcohol, and filler the solution. 
When the alcohol is separated by distillation, the lactic acid re* 
Inains pure. 

This acid has a yellow colour, is not susceptible of being crys- 
tallized, and attracts the humidity of the air. It combines wilb al- 
kalies and earths, and forms deliquescent salts. It dissolves iron 
and zinc, *ith a production of hyilrogfen gas. It unites also with 
the oxides of other metals. In its properties, it bears most resem* 
blance to acetic acid. Fourcroy, indeed, supposed that it is really 
the acetic acid, holding in solution a quantity of extractive matter 
and of the salts contained in whey, which disguise its ordinary 
properties. t But Berzelius contends that it is a distinct acid, 
md that it exists, either free or united with soda, and in all animal 
fluids .f 

V. The aace/iolaetic or mucous aeid fthe latter of which 
Ib considered by Berzelius as improper) is formed by pouring 
powdered sugar of milk, in a stoppered retort, four times it weight 

* 96 Ann. de Chim. 300. -f Nicholson's Journal, x. 2S4. 

{Thoraaon's Annah, ii. 201, note. See also his investigation of Iheheli* 
acid, in Pliil. Mag. \\i. 241. 
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of tiitrtc aci(]| and diBtilling off a coDsiderable portion of t1 
quor- On leaving ii to crystallize, oxalic acid is obtainedi 
instead of this, the liquid be suddenly diluted with water, a wtiito 
sediment forms, which may be separated by decantation and 
washing. 

It may, also, be obtained by pouring on one part of gum arable 
in a stoppered retort, two parts of nitric acid: applying heat a short 
time, till a little nitrous and carbonic acid gases have come OTOT* 
and then allowing the mixture to cool. A white powder gntduil^< 
separates, from which the Uqifid is to be decanted. The powdciv 
ifler being washed several times with cold water, is saccfaolactic 
acid. 

This acid is about one fourth more soluble in hot than in cold 
water. Of the former it requires 60 pans. The aoluucn is acid, 
and reddens (he colour of litmus. At a boiling heal, it eiTerveacM 
. with alkaline carbonates! and unites readily with alkalies and 
earths, forming a genus of salts which arc called saccAo/aciale*. 
With potash, it affords a salt soluble in eight times its weight of 
cold water, and crystal I izable on cooling; and with soda a saK 
equally crystallizable, and requiring only live parts of water for 

The saccholactic acid is decomposed, when distilled at a red bnt* 
and yislds an acid liquor, which deposits needle-shaped cryatata. 
An empyreumatic oil is also ibrmed, and a coosiderable quai ' 
of carbonic acid and hydro -carburet gases. A considerable pi; 
tion of charcoal remains in the retort. Gay Lussac and Tb( 
have determined its composition to be 

Carbon 33.69 

Oxygen 62,69 

]Iydrogcn . .* 3.62 

100. 

There arc, therefore, 36 parts of oxygen more than suffici^ 
saturate the hydrogen. 

VI. The aebatie acid may be obtaiiied from various speci«s.al 
animal fat. The simplest process for separating it is that of Guyltm— 
To hogs' lard, melted in an iron kettle, add pulverized quicklime^ 
and stir the misture for a few minutes, raising the heat towards th^ 
end of the process. When cold, the lard will be found to have les^ 
solidity. Pour on it a large quantity of water; boil them together* 
and filter the liquid. A brown acid salt will separate on cooling, 
consisting of hmc, united with sebacic acid. This sah is contamir i 
nated with an a4mixture of oil, from which it may be separated hf 
adegreeof heat barely sufficient to decompose the oil. Re-dissoln 
and crystallize the residue; and, when again dry, distil it with one 
third its weight of sulphuric acid, diluted with water. Its purity 
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n the latter acid may be ascertained by its affording, with a so- 

bUte of lead, a precipitate soluble in nitric acitl. 
V The sebaoic acid ia liquid, wliitC) and has s penetrating smell. 
Feddens ve):reialile colours. 

y distillation it bcciimes yellow, g^ves carbonic acid, and is- 
tly decomposed. 

unites with alkalies; and, when mingled with nitric acid, 
s gold. 
. Nitrate and acetate of lead give a precipitate, soluble in acetic 
'. It decomposes the muriate of mercury. 

MPding to Thenard, the acid which has been described is 
Ecly acetic acid, disguised by a licile sulphurous acid. Besides 
iibowever, there is a different acid nut before observed, and 
B really sebacic acid. It may be obtained by first distilling 
logs' lard, and washing the product with hot water. The watery 
solution, poured into one of acetate of lead, gives a flaky precipi- 
talej which is lo he heated, along with ^i^huric acid, in a retort. 
No acid is distilled over; but on the surfo^ of the matter in the 
retort, there floats a substance resembling fat, which may he sepa- 
rated, and washed with boiling water. The water entirely dissolves 
it, and becomes concrete on cooling. 

The Beijacic acid, thus procured, has a white colour; is without 
■tnell; bas a slightly acid taste, and reddens infusion of litmus. 
When heated, it melts like a sort of fat; boiling water saturated 
with it becomes solid on cooling. Alcohol dissolves it copiously. 
Jt precipitates acetates and nitrates of mercury and lead, and nitrate 
of silver. The alkalies are neutralized by it, and form soluble salts, 
"wbich do not decompose the solutions of lime, barytes, or stron- 
tites. It may be volatUized; but requires a higher lemperaturg 
(ban benzoic acid, which, in several^aniculara, it resembles. B^- 
Zelius, indeed, considers it as merely benzoic acid, impregnated 
with other products of the distlllatton by which it has been ob- 
tained. 

Vll. The/ira»g;c acid is formed, chiefly during the decomposi- 
tion of animal substances, at high temperatures; or rather, as Gay 
Lussac has rendered probable, a cyanide of floiaah is formed, 
wiiich becomes a prussiate of potash, when acted upon by water 
and an acid conjointly, in the manner already explained in the 
section on cyanogen. Three parts of blood, evaporated to dryness 
in an iron dish, are to be mixed with one part of sub- carbonate of 
potash (common pearlash,) and calcined in a crucible, which should 
be only two thirds filled by the materials, and loosely covered with 
a lid. The calcination must be continued with a moderate heat, as 
long as a blue flame issues from the crucible; and when it becomes 
^nt, and likely to be extinguished, the process must be stopped. 
Throw the mass, when cold; into ten or twelve parts of water; allow 
it to soak for a few hours; and then boll them tog|rth«r in an iron 
kettle. Filter the liquor, and continue pouring hot watet 
mass, as long as it acquires any taste. To this solution, add anotheri 
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however, of uric acid with alkalies, termed urates, are n 

s soluble than ihe acid itself. The combination of uricifl 
with soda, constiiutes the principal part of the concretions found 
near the joints of gouty persona. 

3. Nitric acid dissolves the uric acid, and the solution stains the 
skin of a pink colour. If the solution be boiled, carbonic acid and 
nitrogen gases escape, and prussic acid is formed. Uii evaporatioo 
to dryness, a bright red or carmine coloured mass remains, con< 
sisting, as appears from the analysis of Dr. Prout, of ammoniaf 
nnited with a new acid recently discovered by him, to which be 
has given the name of /mr^uric ond, from the beautiful puPpM 
colour exhibited by its compounds." By repeatedly distilltng iri* 
trie from uric acid, the latter is at length wholly decomposcdj eif> 
bonic acid and nitrogen gases are evolved; and a strong smell of 



siduary fluid deposits cryBtalfl, 
-ate of ammonia. Oxy-muriatie 
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d is produced. 
which Dr. Pearson found to be n 
acid occasions the formation of tr 
and malic acids. 

3. When the uric acid is distilled jier ee, about one fourth lU 
weight of a yellow sublimate arises, which contains no uric add; 
but a new and peculiar one combined with ammonia. A few drapa 
of thick oil make their appearance; and carbonate of ammoi^ 
with some prussic acid, water, and carbonic acid, are oblainedir 
In the retort there remains about one sixth of charcoal. By Mb" 
milling uric acid to destructive distillation along with oxidecif 
copper, Gay Ltis:iac determined that the carbon is to the asotft 
which it contains, in volume, as 2 to 1, as is also the case in cyanD> 
gea.t It has been shown, also, by Berard, that in uric acid, (lie 
hydrogen is to the oxygen in a greater propoi'liou than in wate^ 
contrary to what has been established with respect to vegetable 
acids, :t Dr< Prout has, also, analyzed uric acid by the same pi*- 
cess as that of Gay Lussac, and finds it tt ' " " ■■ - — ■ 



Hydrogen . . . S.857 = 1 % 

Carbon .... 34.2MS = a ; 

Oxygen .... 23.857 = 1 t 

Azote .... 40. = I 1 

100. 



■ I volume '^ 
r 1 volumes ;4 
: i volume * 
r I volume ' 



II. There is a substance well known to 
from the urine at certain stages offerer, a 
gout, and in other diseases, under the namt 
According to Proust, this sediment coolai; 

and phosphate of lime, a peculiar acid, which he terms the roaafle, 
from its resemblance in colour to ihe rose. This acid, he observes, 
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differs chiefly Trom the uric, in being very soluble in hot water; in 
having liule tendency to crystallize; and in precipitating i 
of gold of a violet colour. The experiments of Prousi 
firmed and extended first by Vauquelin and afterwards by Vogel." 
The latter chemist fitida that concentrated sulphuric acid converts 
rosacic acid first into a deep red powder, and aherwards into a white 
insoluble substance which has oil the properties of uric acid. Nitric 
ftcid effects the same change. It appears, therefore, that the rosacio 
and nric acids differ but little from each other,and that the transi' 
lion is easily made from the former \o the latter. 

Ill- The amniotic arid has been discovered by Fourcroy and 
Vauquelin, in the liquor of the amnios of the cow, from which, hy 
sJOiv evaporation, it aepatates in white crystals. It has a brilliant 
appearance; a slight degree of soumessi reddens vegetable blues; 
is scarcely soluble in cold water, but readily in hot, from which it 
separates, on cooling, in long crystals. It is also soluble in heated 
^cohol. ft combines readily with alkalies und forms neutral salts, 
from which the amniotic acid is precipitated by other acids. It 
does not decompose alkaline carbonatesj nor does it precipitate 
salts with earthy bases, nor the nitrates of silver, mercury, or lead. 
By a strong heat, it is decomposed, emits ammonia and prussic 
acid, and leaves a bulkv charcoal. 

IV. The lactic acid forms a component part of sour milk; from 
which ihe acid may be obtained by gently evaporating it to about 
Ofie eighth; filtering to separate the curd; and adding lime-water 
to the residue. An earthy precipitate is formed; from which it may 
be separated by oxalic acid. The lactic acid is thus obtained in an 
Impure state, dissolved in water. Evaporate the solution to the 
consistence of honey; on this pour alcohol, and filter the solution. 
When the alcohol is separated by diatUlation, the lactic acid re- 
mains pure. 

This acid has a yellow colour, is not susceptible of being crys* 
tallized, and attracts the humidity of the air. It combines with al- 
kalies and earths, and forms deliquescent salts. It dissolves iron 
atid zinc, with a producUon of hydrogeij gas. It unites also with 
the oiiides of other metals. In its properties, it bears most resem- 
blance to acetic acid. Fourcroy, indeed, supposed that it is really 
the acefic acid, holding in solution a (juantity of extractive matter 
and of the salts contained in whey, which disguise its ordinarf 
properties.! But Berzelius contends that it is a distinct acid, 
and that it exists, either free or united with soda, and in all animal 
fluids, t 

V. The Bocc/solactic or mucntts acid (the latter of which names 
IS considered by Berzelius as improper) is formed by pouring on 
powdered sugar of milk, in a stoppered retort, four times it weighC 

• 96 Ann. de Cblto. 306. f Nicholson's Journal, x, 294. 

} Thomson's Annals, ii. B01,note. BsealsohisinveniEfntionof theleelifl 
acid, in Pliil. Ma?, sli. 241. 
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chlorine extends also to their respective coitlpoiinda with 1 
gen; foraa inuvialic acid is decmnposed liy tlie black oxide trfn 
ganese, so is hydro-cyanic vnposir by pei^Stle of copper 
(jives up oxygen to the hydrogen of the acra, and sets at liberty tb« 
elements of cyanogen, the nitrogen tii u free st:iLe, snd the carbDM 
in the state of carbonic actd. 

6. Prusstc acid does not appear to have n strong affinity for al- 
kalies; noci^Des it take them froni carbonic acid; fur no eflervea- 
cence arises on abiding it to a solution of alkaline carbonates. On 
ihe contrary, ita combinations with alkalies and earths arc decom- 
poaed by exposure to carbonic acid, even when highly diluted, aa 
in aimospheric air. It readily combines, however, with puve 
alkalies; and foiins crysialiizable salts, which have an excess of 
alkali, are soluble in alcohol; and are incapable of forming pru&- 
siaif blue with salts containing the peroxide of iron. But these 
^mpte prussiates, by combination with protoxide of iron, acciuirc 
all the characters of triple prassiates. 

An ingenious view of the nature of the triple prussiates h» 
been taken by Mr. Porrett, in the Philosopbical Transactions for 
1814. He considers Ihem, not as trifile salts, but as 6i7iary cobi> 
.pounds ofllie i^especttve bases with an acid, which is constituted 
of the elements of prossic acid, united with the protoxide of iron. 
That this oxide is really an element of the acid, and not a base, he 
has rendered highly probable by determining, that when prussiats 
of soda in solution is exposed to the agency of galvanic electricity) 
the black oxide of ii-on ia carried along with the elements ot lb<i 
pnissic acid, to the positive pole; whereas, if it had existed in-tba 
salt us a base, it would have appeared at the negative pole. 

This compound acid he obtained in a stale of watery solutioB, 
by adding, to a solution of triple prussiate of barytes, just snl- 
phuric acid moagh to precipitate the baryiic earth. Its chai-actera 
lie describevlb follows: 

It has apale lemon ;■ cllow colour; has no smell; is decomposed 
by a gentle beat, or by exposure to a strong light; in which case 
prussic acid is foi-med, and while triple prussiate of iron, which, 
by absorbing oxygen, becomes prussian blue. With alkalies, 
earths, and oxides, it forms, directly, the salts called triple piii» 
uatcs. It displaces llic acetic acid from all its combinations; and 
also detaches, from other acids, those bases, with which it is me* 
ccptible of forming compounds, that are insoluble in adds. As it 
is decomposed by heat, this acid can never be obtained by clisttt- 
lation. In that case, prussic acid and triple prussiate of iron are 
alwiiys {brmcd. 

This view of the subject explains why the iron, in triple prus> 
siatca, is not discovered by the most delicate tests; for it can no 
more be afiected by them; than sulphur can be indicated by its 
appropriate tests, whcu existing in sulphuric acid. 

In the I'omcnclnlure of prussic acid and its compounds, Mr. 
fonciL has not proposed any change; but for the pecuUai' acid. 
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which it afibrds when combined with protoxide of iron, he sug- 
gests the name oi'Jerrureied chyazic acid; and its compounds he 
terms ferrureted chyazatca. It would, perhaps, have been pre- 
ferable to have designated these bodies by the names ferro-firua^ 
sic acidy and ferro-firuaaiatea; at least these names have the ad' 
vantage of greater brevity; and, for that reason, 1 shall employ 
them. 

Some doubts have been thrown upon these conclusions of Mr. 
Porrett, by the researches of Gay Lussac, which have rendered it 
probable that some of the prussiates (that of mercury for instance) 
are in fact compounds of cyanogen with a metal. Under this view; 
they bear a strict analogy to the compounds of chlorine, and may 
be more properly termed cyanides. There undoubtedly, how- 
ever, exists a class of compounds of prussic acid with bases, to 
which the name of prussiates (or hydro-cyanatesy as Gay Lussac 
proposes) is strictly due. They are all alkaline; are decomposed 
by the weakest acids; and, in many respects, are analogous to the 
hydrO'Sulfihureta. That of ammonia is the most remarkable. It 
crystallizes in cubes; -is extremely volatile; and is decomposed 
with great facility. When to these compounds we add oxide of 
iroD, more powerful acids are required to decompose them; but 
this, as Gay Lussac observes, is what happens also with other tri- 
ple salts. Alumine for example, when united with sulphuric acid 
and potash, forms a more energetic combination than when com- 
bined with that acid only.. Without, therefore, disputing the facts 
of Mr. Porrett, he is disposed to withhold his assent from the opi- 
nion that prussic acid, by combining with oxide of iron, composes 
a new acid. 

Beside the protoxide of iron, Mr. Porrett finds that there are 
other substances, which are capable of forming, with the elements 
of prussic acid, peculiar acids, characterized by a distinct train of 
properties. Sulphur is one of these bodies. 

Suiphureted chyazic or aulfihureted firussic acid was first ob- 
tained by Mr. Porrett, by decomposing prussiau blue with sul- 
phuret of potash. To a heated solution of one part of the latter^ 
three or four parts of pfussian blue in powder are to be added at 
distant intervals; and the liquid, which contains the compound in 
question, along with several neutral salts, is to be filtered: Or a 
solution of prussiate of mercury may be decomposed by hydro- 
gureted sulphuret of potash: Or, lastly, a mixture of animal char- 
coal and sulphuret of potash may be calcined, in a red heat, for. 
some hours, and the product lixiviated. The clear liquor (how- 
ever obtained) is to be supersaturated with sulphuric acid; and 
kept, for a short time, at nearly the boiling point. A little finely 
powdered oxide of manganese, added when cold, turns the liquid 
a beautiful crimson. A solution of two parts sulphate of copper, 
and three of green sulphate of iron, is to be added, till this colour 
€lisappears. A white precipitate &lls, which is a compound of 
protoxide of eopper with sulphureted prussic aci^. The > 



^^ then be transferred to potash, by boiling llie precipitate with tl ^_ 
alkali; and it may be obtained separate, by distilling the liquL^ 
with sulphuric acid. 

The sulphuroled chyazic or prussic acid is generally colourless 
but sometimes pinkish; it has the specific gravity 1.022; and it ha, 
a smell, resembling that of strong acetic acid. It dissolves 3ii7>> 
phur when boiling, but lets the greater part fall again on cooling; 
It forms, with nitrate of silver and pronitrate of mercury, whka 
precipitates. With alkaline and earthy bases, it composes a il^ 
tinct genus ot neutral salts. It appears to be constituted^ 
26.39 sulphur + 14.33 prussic acid, 

VIII. The zt>07iic acid has been shown by Thenard to be mci 
the acetous, holding some animal matter in solution. Thtjornt 
acid, or acid of nnts, was submitted to a course of eitperimentB tl 
Fourcroy and Vauquelin, who inferred that it is merely a mixtw 
of acetic and malic acids. This conclusion was opposed by fl 
experiments of Suerscn, who endeavoured to prove that formicv 
really a peculiar acid; but its identity vrith the acetic has ' ' ~ 
been confirmed.* Gehlen, however, has lately published a s 
of experiments, the object of which is to prove that the formic 'fl 
really a peculiar acid. Its amell and taste differ, he alleges, « 
tirely from those of acetic acid. When sufficiently cooled, it B 

comes solid, but does not crystallize. Its specific gravity is t.lI6i_ 

when diluted with an equal weight of water, it becomes 1.060; and :i 
with twice its weight, 1.0296; in all which respects it differs from .« 
acetic acid, t 

The formic acid is recognized, also, as a peculiar compound hy ^~u 
Berzelius, who, from the proportion of the ingredients of formats jl ■ 
of lead, deduces its equivalent to he 46.8, that of oxygen being 10. », , 
By analysis, he obtained as the ingredients of formic acid, 

Hydrogen 2.307 

Carbon 32.370 

Oxygen 64.223 



Reducing these proportions to volumes, we hav 
comparative table of the acetic and formic acids:^ 



Acetic acid . . ; . 3 . . . . 4 
Foi-mic acid . . . . 3 . • . . 2 



* Add. de Chin. Ixiv. 49. 
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CHAPTER XXIII. 

OF THE MORE COMPLEX ANIMAL PRODUCTS. 

All arrangements of the various substances, that compose th^ 
animal body, must, in the present state of our knowledge, be en- 
tirely arbitrary; and it can, therefore, be of little consequence 
'W'hich of tliem is adopted. The most obvious division is that 
which distributes them into fluids and solids, and this order I shall 
fbllo'w in the description of their individual properties. A minute 
liisyory, however, of all the variety of animal compounds would be 
foreign to the purpose of this work, and could not be given with- 
out very long details. For this reason, I shall notice, at greatest 
■^ ^®pgth, those, which are most interesting from their connexion 
^"^th animal physiology. 



SECTION I. 

Of the Blood — Reafiiration^ ^c. 

"The blood, when examined as soon as it has been drawn from 

*^^ body, is a smooth and apparently homogeneous fluid; viscid to 

*^^ touch; and of a specific gravity exceeding that of water, in the 

Pt*o portion of from 1053 or 1126 to 1000. A vapour presently 

^^Hales from it, which has a peculiar smell, but which does not, 

^Hcn condensed, afford a liquid differing essentially from water. 

•*H a few minutes, a thin film appears on the surface; and, after a 

^hcDrt time, the whole mass becomes coherent. When it has re- 

>^ned some time in this gelatinous state, a more complete sepa- 

ion of its principles ensues. Drops of a yellowish liquid ooze 

5^.\it from beneath the surface of the mass; and, at length, the whole 

resolved into two parts, a firm red substance called the cruor^ 

ussamentuni, or clot; and a yellowish liquid termed serum. The 

^ Xxjportion of these parts varies considerably; the crassamentum 

^^ing much more abundant in vigorous, wrll-fed animals, than in 

ch as have been debilitated by disease or by poor I'ving. 

The period, at which coagulation begins, varies not only with 

e condition of the blood itself, but with the circuip stances in 

"^'Vhich it is placed. It commences^ sooner as the vessel is more 

^liallow; but, on an average, it may be said to begin in about 3J 

^^inutes, and to be completed in seven. Fourcroy states that, 

^uripg coagulation, caloric is evolved; and this fact appeared to 

Xie established, also, by the experiments of Dr. Gordon, who 

"5bund the coagulating part of a quantity of blood warmer than the 

Vol. I1.--K k 
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rest, by froiB-6" to 120 Fahrenheit.* Subaeqiienl escperimeataitif j 
Dr. John Davj-f have, however, rendered the fact exiremely qMft*' , 
lionable, and have led lo the aiiggealion of some sources of Hi 
lacy in Dr. Gordon's investigation. - f. 

The iierum is an apparently homogeneous fluid, with a yellawidl ' 
and sometimes slightly greenish tinge; is unctuous to the }oa<3v ] 
■nd saltish to the taste. Its specific gravity is very variable, kW I 
on the average is about 1029. When exposed to a beat of )i^0^ \ 
and still more readily iu that of 213", serum is converted intft^A' 
pretty firm while mass. This, in fact, ia merely coagulated ftlbft- 
inen, the properties of which have been already described. When 
cut into slices, and subjected to gentle pressure, a small quantitj 
of a slighUy opaque liquor, of a saline taste and a peculiar udoiU> 
oozes fl-um it, which is called the seracity. 'iTiia fluid has geflB- 
rally been considered as holding gelatine in solution; but Dr. Bo»- 
tock has found reason to doubt the accuracy of the opinion; in 
which conclusion he is supported by Brande and Bcrzclius. 

Mr. Bi-ande coagulated two fluid ounces of scrum, and digested 
the coagiiluni, cut into slices, in four fluid ounces of distilled wa- 
ter, which was afterward separated by means of a filler. The 
liquid, when evaporated to half an ounce, gelatinized on cooling, 
and was precipitated by an infusion of tan; but this eifect migfat 
equally well be produced by the presence of albumen; and decisive 
evidence of the presence of the latter substance was obtained, by 
placing some of the fluid in the Voltaic circuit, when a rapid co- 
agulation of albumen look place round the negative wire. After 
having coagulated, by Galvanic electricity, all the albumen of a 
portion of serum, the residuary liquor gave no indications of ge- 
latine. Mr, Brande, therefore, infers, that the sei-osity consistsof 
albumen, in combination with a large proportion of alkali.^ 

The serosity, according to Uerzelius, contains no sulphuric acldi 
and only a vestige of the phoaphoric; but it consists of water, of 
pure soda holding albumen in solution, of muriates of soda aiid 
potash, of lactate of suda, and an anim;d matter, which always ac- 
companies the lactate. 5 The solid contents of the serosity, Dr. 
Uoatock finds to vary from one 46th to one 7nth of lis weight; but 
on an average, they may be stated at one 50th. It haa been a aub- 
|ect of controversy,!! which of the mineral alkalies cxista in serum 
in an itncomhined form. Dr. Pearson maintains that it is potash; 
but Dra Bostock, Berzelius, and Marcet, allege that it is soda; and ' 
the evidence preponderates in favour of the latter opinion. 

When serum is evaporated, at a heat below that required for it» 
coagulation, it yields a yellowish semi-transparent mass, resem- 
bling amber, that splits to pieces in drying, and amounts to about 

'Ttinmion's ADHftls, iv. 33P. t Journal of Science, Sfc. ii. 9-lft. 

tFbil. Tranii. IBia. ) Ttiamsao's Annals, ii. iUI. 

II See Medico-Cliir. Trans, ii. SiC, 3BB; and KieLoiso. 



s from 1000 of scrum. This suhstnnce softens in water, 

f becomes gelatinaus: and itbout 36 per cent, of iis weight are 

Iblved, and itiay be passed thiotij^h a Sltcr. The insoluble part 

nbtitnen; and much of this exists, also, in the filtered liquor, 

e the neutral salts, which have already been mentioned. 

eral acids coagulate serum so compleldy, that no albu- 
I remains in thesei-osity. The insoluble compoimds, which are 
|lucBd, exactly resemble those of the same acids with fibrin; - 
action of alcohol is the same in both cases. Hence 1)er- 
mtenda, that there is very little difference between albumen 
■ ■fibrin. The only character of distinction between them ap- 
o be, that albumen does not coagulate spontaneously, but 
_ 3 a high temperature; and from this circumstance, it is less 

■•pidly soluble than fibrin in acetic acid. 

The scrum of human blood is composed, according to Berze- 
lius, of 

Water Sos.o 

Albumen ao.i) 

Substances soluble in alcohol, viz. 

Muriates of potash and soda 6} 

X-ai^tate of soda and animal matter , .... 4^ 

'"'Sybstances soluble in water only: 
Soda, phosphate of soda, and a little animal matter 4. 1 

Loss 0.9 

lOOO. 

This analysis agrees very remarkably with one of Dr. Marcet, 
■who obtained the following ingredients. The substance termed 
by him muto extractive matter, \& doubtless impure lactate of soda; 
and the sulphate of potash, and earthy phosphates, were probably 
formed by the combustion. 

K thousand parts uf human serum contain, 

Water 900.00 

Albumen 86. ao 

Muriates of potash and soda . . . 6.60 

Muco-extractive matter .... 4.00 

Subcarbonate of soda 1.65 

Sulphate of potash ...... 0-3; 

Earthy phosphates o.6o 

1000, 

Vogel considers sulphur as another constituent of serum; for he 

, finds that when serum is kept for sonwulSJ'a, at the temperature of 

between 75" and 90° yahrenhut, »^a8 exhales from it, which 





mot) is aiiproncbes n 
aiiperaatui'atecl with n 
a. colour, similar to ihe o: 
those acids> 

Alumine cannot be brought to form a pei'manent rcil compound 
with the colouring principle oTlhe blood. But when the colouring 
matter is left to stand a few da^s, in contact with a solution of the 
crystallized muriate of tin, a bright red powder precipitates, which 
is a combination of the colouring matter with oxide of tin. When 
kept in water, it sustains no change of colour; but when dried 
by exposure to air, it loses its brilliant tint, and assumes a. dull 






The 



at effectual mordaunts. which Mr. Brandc discovered for 
ing matter, are solutions of mercury (especially nitrate) 



the ,^ 

mblimate. When either of those salts was added to 
a watery solution of the colouring matter, a deep red compound 
was deposited, aiid the liquid became colourless. Woollen cloth, 
also, first impregnated in these solutions, and then dipped inio tlio 
aqueous solution of colouring matter, acquired a permanent red 
dye, unalterable by washing with soap. 

It appears, therefore, that the colouring principle of the blood 
is an animal substance of a peculiar nature, susceptible, like the 
colouring mailer from vegetubVes, of uniting with bases, and ad- 
Oiitting, probably, of important use in the an of dyeing. On cxa- 
jnining the colouring matter, disliiretly from the crassamentum, 
Mr. Hrande did not discover a greater proportion of iron, ihwi hi 
the other principles of blood; and the theory may, therefore, 
considered as completely set aside, which accounts foi- the' I 
colour of the blood by the presence o 

The conclusions of Mr. Brande have been lately confirmal 
Vauquelin, who recommends the following method of obtainitft 
a separate form, the colouring matter of the blood. 

Let the coagulum of blood, well drained upon a hair sieved 
digested in four times its weight of sulphuric acid diluted v ' 
double proportionof water, al the temperature of 160° Fahrenheit, 
for five or sis hours. Filter the liquor while yet hot, and wash Uio 
residuum with a quantity of hot water, equal in weight to the acid 
which has been employed. Concentrate the liquor to half its bulk; 
then add pure ammonia, till there rsmains only a slight excess of 
acid. After having agitated the liquor, allow it to stand, and a 
purple sediment will be deposited, This sediment is to be washtd 
with distilled water, till the washings cease to precipitate the nitrate 
. of barytts. It may then be drained on filtering paper, and dried at 
a very gentle heat. 

When dry, it is desiitulo of taste and smell. It resembles jet iii 
colour, fracture, and lustre. When moistened with water, ii as- 
sumes a wiue red colour, but does not dissolve in that fluid. In 
acid and alkaline liquids, it readily dissolves, and communicates 
a purplo colour. Its acid solutions are not precipitatedby 



*ore, be 
ieve^fl^ 




c srid cr by pmssUte of potash, thus proving the absence of 
. Inftiaion of galls, however, precipitates it without any change 
slour. It is soluble in diluted nitric acid, without being disco- 
Wd, nor is this effect produced by nitraie of silver; but it ts 
i{ilete)y discoloured by nitrate of lead, which throws down a 
1 precipitate." 

In opposition to these experiments, it is stiU maintained by Bw- 
KBliuB, that the colouring matter of the blood contains iro^not 
jndeed discoverable by re-agenta, but decisively proved to exist 
n its ashes. In every respect except in containing that meUS, the 
colouring matter of the blood agrees with fibrin and albumen, and 
lie seems disposed to believe that its colour, though not depending 
on the presence merely of an oxide of iron, may be produced by a 
compound of which that oxide is an essential part.t 

It is doubtless on the red globules of the blood that the different 
gases act, which produce such remarkable changes in the colour 
of the entire fluid. Nitrogen gas blackens anerial blood, and, ac- 
cording to Girtanncr, venous blood also. In an experiment of Dr. 
Priestley, it appeared that the bulk of a quantity of nitrogen gas, 
to which anerial blood was exposed, sustained a diminution. Blood, 
which has had its colour thus impaired, it was found by the s^me 
philosopher, may be restored to its bright florid hue, by agitation 
with oxygen gas; and these changes may, at pleasure, be repeated 
alternately. Oxygen gas, to which blood is exposed, is diminished 
in volume, and contaminated by carbonic acid. Atmospheric air 
undergoes the same change in consi- uence of the oxygen which 
it contains; but in a less remarkable degree. 

Similar alterations are, also, constantly going on in the blood, 
'-during its circulation through the living body. In the veins it is of 
a durk red coolur, inclining to purple. In this slate it arrives at the 
right ventricle of the heart, by the contraction of which it is driven 
into the pulmonary artery. This artery is distributed, by extremely 
minute ram lii cations, over the whole surface of the air-celts of the 
luDgs; and, in these, the blood is exposed to the action of atmos- 
pherical air, through the slender coats of the blood vessels. Here 
It acquires a bright vermillion colour; and, rciiii-ning to the left 
ventricle of the heart by the pulmonary veins, it is distributed, by 
n of this ventricle, through the whole body. 
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coui'se it loses its florid colour, 
turns to the lungs, to be once 
its functions. 

The function of BEspiuATioK 
of iTtK/iiruiioJi, by which the 



id, after 
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of two distinct actions, that 
■ is drawn into the lungs; and that , 



1, by which it is expelled, after having served the pur- 
,pose forwhich it was inhaled. By an easy natural inspiration, about 
twenty cubic inches may, perhaps, on an average, be the quantity 



taken in. It ft 
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;i appears, aUo; fi'om the recent experimcnta o 

Allen and Pepys,* that tJie same quatitiy is expired, wil 

mny diminution. Atmospheric air, after being once only admitMrif- II 
into ihc lungs, returns charged with 8 or 8j /ipr vtni. of carbonic 
Mcid gas If the same portion be breathed repeatedly, considerable 
uneaainess is eKpcrienccdj hulthequaniity of carbonic acid caniiDi 
be increased beyond 10 prr eeni. When the stale of the expired 
air 4V examined hy eodiomcirical tests, a quantity of oaygen }• 
found to have disappeared, equal in volume, according to the ex- \ 
perUltentsof thesame accurate cheDiistB,to the carbonic acid which 
has been formed. Now as carbonic acid has been proved to con* 
tain exactly its own bulk of oxyijen gas, it follows that all the oxy- 
gen, which disappears in respiration, must have been' expended ia 
forming this acid; iind that no portion of it has united with hydra- 
geh to form water. It may still, however, be doubled, whetherihe 
cxygen is absorbed thmupih the coals of the vessels, and displacet 
carbonic acid, which may be supposed to have pre-existed in tb« 
bloodj or whether this acid be not rather generated by the union of 
the inspired oxygen with- the carbon of that fluid. Of the two sup» 
' positions, the latter appears to he the mo&t probable. 

The only change, then, that has been satisfactorily proved to 
take pliicc in respired atmospherical air, is the removal of a cer< 
tain quantity of oxygen (its nitrogen being wholly untoticlied,) and 
the substitution of a precisely equal volume of carbonic acid gas. 
When, however, pure oxygen gas is respired by an herbivoroin 
animal, Messrs. Allen and Pepys have found that it cannot all bo 
traced into this combi nation; but that a portion of oxygen has dis* 
appeared, and has been replaced hy a corresponding quantity of 
nilrogen.t The addition of nitrogen appears to be made alao# , 
when a mixture of hydrogen and oxygen gases is breathed,' in - 
which the latter is in the same proportion as in atmospherical air. 
This mixture, it was found, may be respired for an hour without 
inconvenience. The substitution of nitrogen for the oxygen oi-igt' 
nally inhaled is a fact of considerable importance, and in the ptn^ 
sent stale of our knowledge altogether mexplicable. 

Besides carbonic acid, a portion of watery vapour is emitted' 
from the lungs, and in a quantity sufiicient to be visihic when tb« 
atmosphere is of a low temperature. From various experiments^ 
it may be inferred to amount to aiwul three grains in a minotei 
Until lately the water,^thus exhaled, waa supposed to be generated 
in the lungs, by the union of the inspired oxygen with the bydro-* 
gen of the blood; hut this hypothesis is inconsistent with the ex.* 
perimenls of Messrs. Allen and Pepys, wliich have traced the whol« 
of the oxygen into combinaiion with carbon. It is- probably [her»> 
fore nothing more than the condensed vapour of a portion of thiA 
fluid, which is ordinarily secreted into the bronchial cells. 
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a important purpose of the function of rekpration is, i 
ributea to tliat equable temperature, which the animal b 
iervea, ainidat all the ciiaii^es in the suiToundin^ medium, 
s IS peculiarly the property of livini^ matter; lor all other bodiei 
e degree of lieai with the substauccs that are in con- 
n. In the human body, the temperature varies only 
Ipspy few degi'eee from 96,' whethei' it be exposed to a cold of 
'py degrees below the freezing point, or whether it be surround- 
isphere, little short of the heat of boiling water. 
:, then, be certain proccsies in the animal economy, by 
(1 the former case, caloric is reduced fi'om a latent form t6 
X of temperature; and, in the latter case, by which the great ex- 
^^^ I of caloric is absorbed, and preveuiwd from becoming inju- 
^KHts by its accumulation. 

We are ignorant of those precise differences, which con3titut« 

the distinction between venous and arterial blood, or in what way 

r "tfi e function of respiration converts the former into the latter. A 

t, however of considerable importance, on this subject, has been 

covered by Dr. Crawford. The capacity of arterial blood for 

'c be found to be superior to that of venous blood, in (he pro- 

in of 1030 to 892. When, therefore, arterial blood is con- 

i into venous, a considerable cjuantity of caloric must paa9 

a latent to a free stale, and must prove an abundant source of 

hperatiu'e. Now ihis is precisely what is constantly talcing 

; in the body. Caloric is evolved by the combination of the 

red oxygen with carbon; but as the capacity of blood for ealo- 

I, at the same time, enlarged, its temperature is not raised bf 

r thus arlerialized. In its progress throu(;h the system* the 

fod again suffers a diminution of capacity; and the caloric, which 

xnt form to the remotest extremities, la extri- 

(ed, xnd applied to the support of aninial lemperatut<e. This 

I explains why the heat is not excessive in the lungs, but ii 

y distributed over the whole body. In animals, pluccd ii 

b temperature. Dr. Crawford has addeil the important fact, ihaf j| 

|i change of arterial into venous blood does not i^ on; ^ 

'ition of temperature is, therefore, derived from thi* i 

Kher cause, limiting the heat of the body under such circuin 

Kes, is the excessive evaporjiion which takes place from ihtfV 

e of the skin, aod which is indicated by a loss of weig:ht of J 

inconsiderable amount.* 

n the luugs only that the blood exerts an action on at- 
t*pberical air; for a similar function, it appears, bdoDj^t uj th« 
'a throughout the whole body. If ihe hand be confined in ■ por- 
atmospherical air or oxygen gas, it ha» been attcersiDMl 
t the oxygen disappears, and i» replaced by a portion of rartio- 
: acid. At the same time, a coniidcrabic quan iiy of wktery 
d transpires, and may be collected by a proper npp«rxtus. 

'Nicfaolim'fJoKraal, ttu. fit. 




•OUPLEX AKIUAL FRODUOTS. 

Tbe blood is subservient to several important uses in the animal 
economy. It is a source; from whicli are constantly prepared a 
variety of other suhstancesj both solid and fluid, that are essential 
to oiir well being, and even to our existence. From the blood i« 
derived the solid matter of the bones themselves; it does not, bow- 
ever, exist in the blood in the state of sub-phosphate of lime or 
bone eiirth; but appears to be produced, from the ulcimate ele* 
menta of blood, on the very spot where its presence is required.* 
The muscles, which are tixed to the bones, and which, acting u 
levers, enable us to change our silualion at pleasure, are referrible 
to the same source; and so also is alt the variety of animal fluids, 
which perform a necessary part in the economy of this coniplicai«d 
machine. 1'he solids and fluids, thus produced, are sometimes 
elaborated by complicated or(;ans called glands, and are then 
tenned accretions. A sufficiently exact and comprehensive know- 
ledge of the business of secretion would have been attained if we 
were able to discover, in the secreted solids or fluids, substances 
analogous to those which are found in the blood, and no others. 
But in many secretions we find principles bearing no resemblance 
to albumen, fibrin, or any of those fluids that fonn the pi-oximate 
elements of the blood. In these cases, nature must have ^ne 
farther in the work of separation; and, after disuniting the ultimate 
pnnciples of the blood, have re-comblned them in a new manner 
and in different proportions. This is a. species of synthesis, which 
we have hitherto not been able to imitate in substances of the ani- 
mal kingdom, and in very few instances even in vegetable pro- 
ducts. 



SniivA is a licjuid secreted by certain glands, and pouted into 
the mouih, for the purpose of being mined with the food during 
mastication. It is a slightly viscid liquor, of a saltish taste, dcsti* 
tute of smell, and of a white colour; or with a slight tinge of blue. 
Its speciGc gravity, according to Haller, is as m60 to 1873, or, ac- 
cording to Siebold, as lOBO to lOOO. The latter author has com- 
pared its consistence to that of a solution of one part of gum ia 
forty parts of water. It is neither acid nor alkaline, and has there- 
fore no eflect on blue vegetable colours. Its quantity varies con- 
siderably. Nuck has estimated it at eight or ten ounces deily; 
and, during a mercurial salivation, several pints flow in the same 
interval .t 

Saliva, when evaporated by a gentle heat to dryness, yields onlyi 

"Berzelius'i AuimalClioiaistr.r, p- 19. fFourcroyi Systeme, 4to.T, 



&EOT. II. SALIVA. 

a very small proportion of dry extract iq thin semi-trans parent 
plates: or if the process be stopped when about a third only re- 
mains, crystals of muriate of soda are formed. Exposed !□ the 
Mr, it appears tg absorb oxygen, and becomes of a ihitker con- 
ustence, whilish flocculi at ihc same time separating from it. 

There is some difficulty in effecting the diffusion of saliva 
through water; but this may be accomplished by rubbing the two 
fiuids together in a mortar. The solution, which is thus obtained, 
was subjected to the action of tests by Dr. Qostock.' Oxymuriate 
of mercury produced no immediate effect; but, after some hours, 
& light flocculeiit coagulum separated, leaving the liquid nearly 
transparent. The same test produced a still iSss striking effect in 
the filtered portion of some saliva, ivhich had been several days 
exposed to the atmosphere. Infiision of galls precipitated white 
flakes, from tlie recent but not from the filtered liquor. The Al- 
tered fluid was copiously precipitated by Goulard's extract, and 
by nitro-muriate of tin. From tliese experiments, Dr. Bostock 
infers, that saliva contains coagulated albumen, and also a quantity 
of mucus and muriate of soda, but no gelatine. To the quantities 
•f each, he considers tlie following as an approximation: 




Water 

Coagulated albumen 
Mucus .... 
Saline substances . . 



Water 992.9 

A peculiar animal matter ... 3.9 

Mucus 14 

Alkaline muriates 1.7 

Lactate ofsoda and animal matter . 0.9 

Pure soda 0.3 

1000. 

Tien exposed to the agency of galvanic electricity, Mr. Branda 
■ found that saliva, even after being first boiled in water, gives 
I abundant coagulation, and a separation of alkali round the ne- 
itive pole, though neither acids, nor any of the common agents, 
jnowed the presence of albumen. Hence it appears that this sub- 
stance may form part of an animal fluid, and yet not be discovera-^ 
Ue by the common tests. In saliva, Mr. Brande supposes that it 
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is united with an alk^l (prabably soda] which, in this slate of d 
bination, loses its property of aliecling vegetable colouvs." 

The cASTHio juicK is a fluid which is poured out upon the ii 
Biirfaue of ilie stomach, and is posseKsed of very extraordinaiT 
powers as a solvent. One of the grckt obstacles to an accurate 
analysis of it is the difficulty of procuring it suiliciently pure, and 
fiec from admixture with the contents uf the stomach. It hw 
teen generally cflllecCed from animals, which have been Icept, for 
some time before being killed, without food. In this sU:tei it is k 
transparent liquor, having a saline and somewhat bitter tasie, and 
comaining neither uncombined acid nor alkali. It prccipltalca 
nitrate of silver, and, when e\ aporated, gives a solid resicluani,> 
which is deliquescent, and hits an iitipleasani smell. By the Kctioa 
of »ciiis, a small proportion of albumen is discovered in ii, and 
ffelatine or mucus remains in eoiution. Vauquelin always fbutKl 
phosphoric acid in the gaatric juice of herbivorous animals, whilst)' 
on the other hand, that of man and carnivorous animals seldom' 
gave any viaible ii-acea of free add or alkali, 

This imperfect account of the properties of the gastric juic*- 
afl'ords, however, no explanation of the solvent power, which it 
exei'ls on all animal and vegetable substances. Even out of the 
body it appears, from the experiments of Spallanzani, to retard 
the putrefaction of animal substances, and to reduce them to a 
state somewhat similar to that, in which they are found after halv- 
ing been some time in the stomach. On substances taken into 
that organ its solvent power is even still more remarkable. In Dr. 
Stevens's experiment, hollow silver sjjheres. perforated with small 
holes and containing animal and vegetable food, were swallowed 
by a man who possessed the faculty of doing this without injury, 
and with the result that the food was always diss^dved, and the' 
Tessel voided in an empty state. Alter death, it appears from the 
observations of Air. Hunter, that the stomach itself is sometimei 
ei-oded by the gastric juice, large holes having been found in it 
from the action of that fluid. These facts, as well as the power 
of the gastric juice in coagulating milk, are quite ineKpUcnbIc on 
ally known principle. 

The cANtaF.ATio juice has not been examined with any atten- 
tion. The only observations which we possess respecting it, are 
those of Dr. Tordyce. He found it to be a colourless liquidi 
slightly saline to the taste. By evaporation, muriate of soda wu 
obtained, and the same salt was ludicated also by nitrate of silver. 
Hence we may conclude it to be analogous in composition to the 

The BILE is one of those fluids, which has attracted peculiarly 
the notice of the chemists, and which is, therefore, better under-. 
Blood than most others. It is to the labours of Fourcroy, and still 
more recently of Thenard,t who has published two memoirs on. 
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the hile, that we are chieRy indclJtcd for our knowledge of ils com- 

The biJe of the ox, from the greater quantity of it which may be 
pFOCui'tiil, has been moaily the subject of experiment. Iib colour 
js commonly yellowish green, and very rarely deep gi-een. When 
mixed with syrup of violets ur inhiuon of turnsole, it produces no 
other chang"^ than what any other liquid of the same colour would 
eCTect. Its taste is bitter and at the aaDie time aweetiah, and ex- 
cessively nauseous, Its sniell is peculiar^ and something like that 
ofmcUed fat. Its specific gravity is 1026; its consistence variable: 
from that of a thin mucilage to that of synovia. Hometimea it i> 
limpid, and, at others, contains flocculi of a yellow matter, whicb 
way easily be separated by water. 

When submitted to heat, ox'bile Brst deposits a poition of co- 
agulated matter, aiid yields a liquid, which has the peculiar smelt 
of bile, and which throws down a white precipitate from acetate of 
lead. The solid residuum has a yellowish green colour; is very 
bitter; somewhat deliquescent; and entirely aoluble in water and in 
alcohol. It melts at a moderate heat, and is decomposed by a slill 
Bironger one, the products being more oil, and less carbonate of 
ftmrnonia, than from animal matters in general. A very bulky coal 
containing several neutral salts remains in the retort. The salts es- 
tracted from this coal, taking them in the order of their quantities, 
'XVC muriate of soda, phosphate of soda, phospliate of lime, and 
■ulphate of soda. Traces, also, are discovered of oxide of ii*on. ^^J 

The uncombtned soda in bile does not exceed one south it>< ^^H 
ISeight; and as this very minute quantity of alkali must be quits ^^H 
incapable of dissolving the large proportion of resin, which exists' J^^H 
in that fluid, Thenard was induced to turn his attention to the dia-- ^^^ 
covery of some otlier solvent of resin, existing as a component of 
bile. Acetate of lead (the common sugar of lead of commerce)- 
precipitates, he found, not only the resin, but the peculiar sub- 
stance of which he was in search, in union with oxide of lead. 
But an acetate with a larger proportion of base (formed from 
eight parts of sugar of lead and one of litharge) produced a diiTe- 
reni effect; and precipitated only the albunitn and the resin. 
Whew the rentaiiiiug liquid was filti-red, and the lead separated 
by sulphureted hydrogen gas, it gave, on evaporation, a residue 
having leas bitterness and considerably sweeter In this state, 
the solvent of the resin could not be considered as pure, since it 
retained in solution a quantity of acetate of soda, arising from the. 
devoin posit ion, by the acetate of lead, of the sails of soda existing 
in the bile. He again, therefore, precipitated the solution by ace- 
tate of lead saturated with oxide, and obtained an insoluble com- ,^^ 
poimd of the peculiar matter and oxide of lead. This was dls- ^^t 
■olvcd in vinegar, the oxide of lead separated by sulphureted ^^| 

Bdrogen, and tlie acid expelled by evaporation. ^^M 

This substance, to which Thenard has given the name otfilero- ^^H 
tl, possesses the property of rendering tiic resin of bile easily ' ^^H 
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soluble in water. Thi'ee parts are 9u(Iici«nt to one of die retin* 
The clia,ractt;r3 of picniniel are, that it is insoluble iii water ood 
alcohol, and incapable of being crystallized; that it precipitates ni- 
trate of mercury and acetate of load witti excess of oxide; and tlu* 
it forms, with rcsiu and a mbute quantity of soda, a triple cam- 
pound, which is not decomposable by acids nor by alkaline at 
earthy »alts. 

The resin is to be considered as the cause of the smelt, and) it» 
great part, of the colour and taste of the bile. It is solid; wf 
bitter) and, when pui'e, green; but when melted it passes to yel- 
low. It is Koluble in alcohol and in pure alkalies, and is precipin 
table from the fo:-mcr by water, and from the latter by adds. 

Tbc yellow matter appears to be peculiar to the bile, and U 
possess characters distinct from those of other animtd substancCSi 
Its presence seems to render the bile putrescent; and it is, alwc 
the source of the concrctior.s, uhich form in the gall-bladdenoi 
oxen. Insoluble by itself, it becomes soluble by the interveDtioB 
of soda, resin, and pici'omeU and, whatever be the solvent, it ii' 
precipitated by acids.— In the analysis of bile, the first step ww 
to separate this yellow matter, by adding nitric acid, and to ^ee it 
firom the portion of resin which adheres to it. Into the remaindei^ 
acetate of lead with escess of oxide (prepared as already directed) 
was poured, and an insoluble compound was formed* consisting of 
oxide of lead and resin, from which nitric acid detached the latter 
in the state of soft )i;reen flakes. Sulpliureted hydrogen was theft 
passed through the liquid, which was separated by filtration from 
the precipitate and evaporated to diyness. Deducting, from its 
weight, thai of the acetate of soda formed by the decomposition of 
acetate of lead, the weight of picromel was obtained. The saline 
substances were determined by calcination, lixiviation, and other 
common processes. 

In this way, the composition of ox-bile was determined at., 
follows; 

Water ........ 700 or a little meKJ 

Resin 24 

Picromel 60.5 

Yellow matter variable— in Ihia n 

Phosphate of soda . : . . 3 

Muriate of soda 3.3 

Sulphate of soda .... 0.3 
Phosphate of lime .... 1.2 

Oxide of iron a trace. 

800. 

The bile of the dogr the sheep, the cat, and the calf, was foam 
•n analysis to be preciaeljr Bimilar to that of the ox. Thd bile of 




the pig) on the contrary, contained neither albumen, yellow mat- 
ter', nor picromel. It consisted merely of resin in great qaaniityi 
of soda, and of salts, the nature of which has not yet been ascer- 
tained. It was entirely decoitiposed by acids, and even by the 
woakeat, the acetic. 

Berzelius denies the presence of resin in bile,* and asserts that 
it is not possible to repeat the analysis of that fluid, by the pro- 
cesses wliich Thenard has described. The substance, he alleges, 
which, in bile, resembles resin, is precipitabic by acids; and the 
precipitate is a compound of the acid employed with the green 
colouring matter of bile. When we use sulphuric acid with heat, 
a green liquid is obtained resembling a resin; and after sattirating 
the acid with carbonate of barytes, the green matter is soluble in 
water, to which it imparts its own colour and bitterness. This is ^^M 
the characteristic ingredient of bile, which Berzelius calls biliary ^^| 
matter. He finds bile composed of ^^H 

K^ Water 907.4 ^H 

HB . Biliary matter 80.0 ^^H 

^K Mucus of Che gall bladder 3.0 ^^M 

^^^ Alkalies and salts common to all animal fluids 9.6 ^^H 

^^^■The bile of birds contains a large quantity of alhtiRiinous mat- '^^^ 
ter. The picromel, which is extracied from it, is not sensibly 
sweet; but on the contrary has a sharp and bitter taste. Itcontains 
a mere trace of soda, and does not precipitate the super-acetate of 
lead. 

Human bile was, also, an object of Mr, ThenanJ's researches; 
and his experiments, he is of opinion, have led him to as accurate 
ft knowledge of it, as of any other species. — Its colour varies con- 
siderably; sometimes it is green, almost always brownish yellow, 
and sometimes it is without colour. Its taste is not very bitter. 
It is seldom perfectly limpid; for it generally holds suspended in 
it a certain quantity of yellow matter, which is sometimes even 
present in such quantity, as to vender the bile clotted. When it is 
filtered, and stibmiited to a boiling heal, it becomes thick and 
emits the smell of white of egg- Evaporated to dryness, it affords 
an extract, which is equal to one I Ith the weight of the bile. This 
extract, by calcination, affords precisely the same salts as arc 
found in ox-bile, viz. uncombined soda; muriate, sulphate, and 
phosphate of soda; phosphate of lime; and oxide of iron. 

All the acids decompose human bile, and precipitate from it a 
large quantity of albumen and of resin. These may be separated 
from each other by alcohol. By the application of acetate of lead, 
MO picromel can be discovered; nor is any other ingredient fbun^ 
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in human bile than yellow matier, albumen, resin, and saline sub- 
stances. Tile proportions, aacci'taineil by Thenard) are the fid- 
lowing: 

Water 1000" 

Yellow matter, insoluble and floating in the > ,^ 

bile, It variable quantity from 3 to . . ) 

Yellow matter in solution • 

Albumen 

Resin 

Phosphates of soda and lime, sulphate and ? 
munateof soda, and oxide of iron. . . > 

I loo. 

The yellow matter appeals to he, in every respect, simlll 
that of ox-bile. The resin is yellowish; very fusible; very bitS 
but less BO than that of ox-bile; soluble in alcohol, from which it u 
precipitated by water; Mid soluble in alkalies, from which it is 
thrown down by acids. In water it appears scarcely to dissolve^ and 
yet sulphuric and nitric acids occasion a precipitate from water 
which has been digested on it. 

If bile be submitted to the action of galvanism, Mr. Brande has 
found thai coagulation takes place at the negative pole, where 
soda also appears. At the positive pole, muriatic and phosphoric 
acids are evolved. ' 

BiLiARV CALCULI. The composition of biliary concretions differs 
in different animals. Those of the ox contain traces of bile, which 
is removable by the action of water, after whitfi Uiey are entireljT 
destitute of taste and smell. Their colour is a yellow of so mucb 
beauty as to render them a valuable pigment. They undergo iio 
change at a heat below redness; but at this temperature they melt 
and swell, and after yielding the usual animal products, give aboat 
one sixth their weight of a white matter which is phosphate of 
lime. They are nearly insoluble both in water and in alcohol; and 
with some difficulty in alkalies, from which they are precipitated) 
in green flocculi, by acids. Boiling muriatic acid takes up only k 
■mall quantity, and renders them ^rccn. Hence they appear to be 
homogeneous; and to possess properties identical with those of the 
yellow matter of the bile of oxen, and of human bile. 

The calculi of the human gall-bladder have been more atten- 
tively examined than those of the ox. It had been long known that 
they enter into fusion at a low temperature, and that the alkalies, 
and the fixed and volatile oils, effect their solution. One of th^ 

* Tbese are the numbers yiven by Tlienanl (Mtmraresd'Afouoilii. 57|)- 
butaBlheirsriuie«feds 1 100.il i.^ probable that tho error wili best br-— ^^ — 
reeled by retlucing; tlic |iru[>orli<>D trf water. 
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distinctive characters whs Hrst pointed out by Poultetier dc la Salle, 
■Diz. that oF being soluble in boilm^ alcoliol, and precipitable, on 
cooling, in the form of shining scales. Fouroroy afterwards disco- 
vered several important facta respecting them, and especially their 
resemhiktnce to the siibsiu.nce which has been already described 
under the name of adifiocire. 

or the calcnli examined by Thenard, only a small number wer« 
_fi)rmed of white plates, crystalline and shining, and entirely adi- 
pocirous. Many consisted of yellow laminx containing from BB to 
Si fier cetit. ot adijiocire, and sixor twelve of a colouring substance. 
■A few were greenish on the outside, and yellow in the interiori 
JBCveral were covered, in spots at least, with a blackish brown crust, 
containing veiy liiile adipocirc, but internally were like tile rest. 
In all, esiieptiii.i; the pcrfi-ctly while, there were traces of bile, dis- 
coverable by the action of water. Calculi from the intestines were 
found to be similar to those of the gall-bladder. 

It was, therefore, concluded by Fourcroy, that some of the cal- 
culi of the human ^ all -bladder consist entirely ufadipocire; and that 
Others are composed of the same substance, with the addition of 
a quantity of colouring matter, which is either yellowish or dark 
brown. When of the former colour, it appears not to differ from 
the yellow matter of the bile; and when of the latter, lo be the 
«anie substance with an excess of carbon. 

Chevreul, however, lias given to the crystalline matter of biliary 
H>lcuh, the name of choieateriiie, because it differs biith from sper- 
muceti and from adii}ur.irc in not being capable of affording a soap 
#itb alkalies. He has found, also, that when heated with an equtu 
weight of strong nitric acid, a peculiar acid is formed, which hft 
terms the clioleaieric. This acid separates on cooling in the form 
Of a yellow substance. It is scarcely soluble in water, but dissolves 
ijt alcohol, and may be crystallized by evaporation. The salts, 
Which it forms with potash, soda, and ammonia, arc very soluble; 
with other bases it gives compounds which are difficultly soluble- 
By a heat above that of boiling water, it is decomposed." 
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SECTION !II, 

Of Milk. 

The milk is a fluid, which is secreted, by animals of the c'asp 

'immaiia^ for the nourishment of iheir young. Though dtffcL'iQg 
isiderably in the different species of animals, yet it admits ol th« 
following general description: 

his an opaque liquid, ofa white colour, with somctimesa ilight 
iioge of blue or yellow. Its taste is sweetish and grateful^ but J*" 

• Ann. de Cbim. el Phj». ri. 401 , 
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ries occasion ally I «.s does its colour also, with the food oftheaniioal. 
Itssiieciiic gravity is variable; tliat of cows' milki accordingly 
Brisaon, being about I030i and that of ewes' milk lOW. 

The milk may be resolved, partly by standing, and partly hy 
agents that do not essenli»lly aher liie nature of its compunents, 
into three pi'uxiinate ingredients, the cream, curd, and whey. 

1. The cream rises, as is well known, to the surface of milk oAer 
it has stood for some hours; and the proporiion may he ascertainei) 
by a very simple instrumcnt,prQposedby Mr. JaUnwn. It consisU 
of a rUss tube, 10 inches long, graduated into 100 equal paru, 
into which the recent milk is to be put, for spontaneous ^eparaiion 
of the cream,' Cream has many of the properties of an oilji* 
smooth and unctuotis to the touch; and stains clolh in the same 
manner as other fat substances. By slandini^ for some days, ii be- 
comes gradually thicker, and at length forms a soft solid, in whidi 
the flavour of cream is no longer perceived, and that of cheese ii 
substituted in its place. Creain, of the specific gravity 1.034*, it 
composed, according to Qerzelius, of 

Butter 4.5 



100. 

liiit as 9^ partsof whey contain 4.4 of sugar of milk and salts,it 
follows that cream contains 12.5 per cent, of solid matter. 

When cream is agiiaied, as is done by the common process gt 
churning, it separates into two parts, a thick animal oil, well known 
by the name of butler, and a fiuid which possesses exactly the 
same properties as miik thai has been deprived of its cream. Tbu 
change has been supposed to be owing to the combination of tt|e 
cream with the oxygen of the atmosphere; but it takes plieif, 
though perhaps not equally well> in vessels fi-om which the air is 
excluded. 

Butter has generally a yellow colour and a soft consistence. At 
the temperature of 95° or 98°, it melts, and when kept in this stale 
for some time, a portion both of whey and curd separate from it. 
Its transparency is thus increased, but its taste, at the same lime, 
rendered less agreeable. In this state, however, it may be kept 
longer without becoming rancid; and it is not improbable that it is 
in part by combination with the whey, that salt contributes to the 
preservation of butter. Butturj therefore, may he considered as aa 
animal oil, united with a portion of whey and of curd. 

When milk, ether deprived or not of its cream, is mixed with 
certain substances, or even allowed to stand till it becomes sour, 
it tmdergoes a change which is called coagulation, conaisting in iti 

' TbomBOQ'a Annals, x. 304. 





Uparation into a solid substance termed curd; and a fluid called 
Wliey. This change maj' be effected by afver.il agenia; by all acids, 
and by many neutral salts; by gum, sugar, and certain vegetable 
^ices; by the gastric fluid; and especially by the infusion of the 
I fflner coalof a calf's stomach called rennet. The precipitation by 
acids, Scheele has explained, by supposing that they form, with 
the ctii'd, a combination which requires more water for solution 
ihan milk contains:* and accordingly llie curd is found always lo 
Contain a portion of that acid by which coagulation has been pro- 
duced. But, in other cases, the coagulation cannot be thus ac- 
Ciounied for; and is, indeed, altogether inexplicable. Thus the in- 
fVision of a piece of calf's stomach, not larger than half a crown, 
<30iigulate3 a quantity of milk suFHcient for making a cheese of 
sixty pounds' weight;! although the quantity of coagulating matter 
«cannot in this case exceed a few grains. 

The curd of milk, when pressed, sailed, and partly dried, com- 
"poses chi-ese. In good cheese, however, there is always a large 
Jiruportion of butter, which is enveloped in the curd, and is not 
afterwards easily separable. Curd, therefore, for exhibiting ita 
chemical properties, should be prepared from milk, which haa 
been deprived of cream, and should be made by the intervention 
of rennet. It is a white solid substance, insoluble in water and in 
alcohol, but readily soluble mpure alkalies, and precipitablethei^- 
from by scids, though in a siate more like tallow than the original 
curd. During solution in alkalies, a strong smell of ammonia i« 
produced; and hence curd appears to be converted, by their action, 
into volatile alkali and fat. Liquid ammonia also dissolves curd; 
and it appears to be soluble by the pure alkaline earths. From the 
resemblance of its properties to those of the coagulated white of 
an egg, Scheele was induced to regard cheese as identical with 
albumen; and it is not improbable that if the curd could be obtained 
perfectly pure, their properties wotild exactly agree. By the com- 
bustion and calcination of curd, it appears, however, to aSbrd a 
larg'cr proportion of phosphate of lime and other saline substances) 
than is obtained from the coagulated white of an egg. 

Berzelius found that the ashes, obtained by Incinerating cheese, 
amouul to 6.5 per cent, of lis weight. The ash consists chiefly of 
earthy phosphates, with a little pure lime; but contains neither 
alkali nor oxide of iron. Cheese, digested with muriatic acid, loses 
ita earthy phosphatus, and afterwards burns without leaving any 
ash. The presence of so large a quantity of the earthy phosphates, 
in the most nutritious part of milk, may be regarded, Berzelius 
justly observes, aa a wise provision of nature; and peculiarly adapts 
'milk to the milrition of young animals, in whose economy there 
exists the greatest demand for the earthy phosphates, for the pur- 
pose of ossification, 

" Essays, p. 287. + HoUaud's Cheshire Report, p. 268. 
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Cheese is generally coii&i;lcrcd as insoluble in water; but if itba 
preclp'iUlccl from milk by sulphuric acidt then well pressed, and 
dij^ested with carbuiule of barytcs, cheese affords witli water & 
yeiluwish solution resembling a solution of (jum. The solution 
boilcti in an open vessel becomes covered with a white pellide, 
precisely as milk does, and acquircR the smell ol bailed milk 

Cheese produces, with the mineral acids, the same combinatiou 
M alhiimen and Bhrin. Uinntsh its neutral compounds are less solu- 
ble than those of fibrin. A great exi ess of aceiic acid is nqiiired W 
dissolve cheese, and (he neutral compound formed with iliJs uoi 
appears to be insoluble. When it has not been completely sepaf^ 
ted from butter, this fioats upon the surfdce of its solution in ace^ 
acid. Alcohol converts cljeesc into an adipocirous anu fcetid sub- 

TJie whey, or liquid whicl. remains after the separation of all the 
curd is a thin and almost transparent fluid, of a yellowish green 
colour und a pleasant sweetish taste. It still contains, generally, b 
portion bolh of curd and of butter; the former of which may tte 
separated by a boiling heat, in the form of a coagulum. The but 
tcry matter, also, separates by heal, especially if the whey be prfe» 
viously aildwed to become sour.* Whey contains, indeed, in in 
recent stale, some un combined acetic acitl. 

When whe,y wlii' h has been deprived, as much as possible, of 
the butler and curd, is slowly evaporated, it yields the siibslunce) 
already clescribed unfler the nome of sugar of milk. Besides thia 
tiibstaiice, it contains, albo, sevenil saline bodies, tii£. muriate Of 
potash, phosphates ol lime and of ii-on, and sulphate of-potash; and 
a peculiar animal m;itter, which gives a precipitate, with infuuoa 
of yalls. and affords carbonate of ammonia by distillation. Sour 
whey contains also a peculiar acid ctdled l/ie larlic. 

FiTjm this account of the composition of milk, several proper- 
ties of the entire flirid may be understood. When fresh milk 'is 
boiled, its albuminous part is not coagulated into a mas.s liice thft 
wl.iie of an egg, on account of the large quantity of water, through 
which it 13 diffused; but a ihin pellicle forms on the surface, which) 
'if removed, is immediately replaced by another; and thus the 
whole of the albumen may be separated in successive pui-tions. If 
the pellicle fall to the bottom, it becomes burnt, and gives the 
millc a peculiar flavour. 

In order to procure butter from milk, it is not necessary, in the 
first piace, to separate the cre;ini; for butter may be obtained at 
once by the churning of milk, and has then the name of milk-but* 
ter. It is inferior, however to butter made from cream, in con* 
Be{|uence of its containing, a larger pi'oporticn both of whey and 
of curd. 

Milk is susceptible of the vinous fermentation, and is employed, 
by the Tartars, in making a sort of wine, which they call Ki,vwU:\ 
It IS prepared chiefly from mares* milk, and has an agreeable 

• Chedbirc Beporl, page 262. \ i7 PLiL Mag. S. 
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jBweetish taste. By distillation, it yields a considerable quantity 
of alcohol. What is most remarkable with respect to this fer- 
mented liquor, is that it does not appear to owe its origin to the 
saccharine part of the fluid; for Fourcroy and Vauquelin have 
found that milk^ after fermentation, yields as much sugar of milk 
as before. 

There appears to be a considerable difference in the quality of 
the milk of different animals. Human milk is sweeter than that 
of cows; and yields a larger proportion of cream; but from this 
the butter cannot be separated by agitation. It deposits, also, a 
part of its curd by mere repose. Asses' milk bears a stronger re- 
aemblance to human milk than to any other. The cream is but 
in small quantity, and yields a soft while and neariy tasteless but- 
ter. The curd is so abundant, as even to separate on standing, 
"before the milk becomes sour. Goal's milk yields a remarkably 
thick and unctuous cream, and abounds also in curd. The milk 
of sheep bears a stronjj; resentblance to that of cows, and yields a 
large proportion of curd of a fat and unctuous kind. Mares' milk 
is thin, insipid, and affords very little cream, from which it is very 
difficult to separate any butter by agitation. 

The constituents of skimmed cows' milk are stated by Berze- 
■fius as follows:* 

Water 928.75 

Cheese, with a trace of butter ... 2-^.00 

Sugar of milk , 35.00 

Muriate of potash ....... 1.70 

Phosphate of potash 0.25 

Lactic acid, lactate of potash, and a > ^ ^^ 

trace of lactate of iron S 

Earthy phosphates . , • . • . 0.30 
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Of Chyle. 



The chyle has been lately examined by Mr. Brande, who ob- 
tained it from the thoracic duct of an animal, about four hours 
after taking food. If taken at a longer interval, it is mixed with 
a greater or less proportion of lymph. When unmixed with blood) 
it has the following properties. 

1. It is an opaque fluid of a perfectly white colour, without 
smell, and having a slightly salt taste, accompanied by some de- 
gree of sweetness. 

2. It does not affect the colour of litmus or turmeric, but it 
slowly changes violet p4per to green. 

3. Its specific gravity somewhat; exceeds that of water, but i3s 
less than that of blood. 

^ Thomson's Annals, iii. 37, 




MPLEX AI^MAL ritODUOTS. 

4. In about ten minutes after being taken from the duct, i 
Kumes the appearance of a stiff jelly, wliich in the course a 
houi's separjtea into two pans, producing a Rrin and cuntractej 
coagiiKim, surrouuileU by n transparent colourless fluid Us spon- 
taneous changes, indeed, bear a striking resemblance to thoac ' 
whicji lake place in blood. 

Tbc coii^ulated portion has a closer resemblance to the cheese 
of milk, than to fibrin. It is rapidly dissolved boih by pure and 
mhcurbonat^d alkalies, forming pale brown compounds. Its solii.- 
lion ill liquid ammonia is of a reddish hue. Tlie acids throw jloj 
K substance imennediate between fat and alhumun, which m 
cess of nitric acid redisaolyes in the cold; and sulphuric, muii 
and acciic acids, by boilin.t; lor a short time. 

Sulphuric ^cid, diluted, dissolves the coagulum. unless the *fl 
Ici- he increased to sis times the weigh of the acid. Alkalie 
not precipiiaie the soiutiuii. It is iransparcnt, of a pale brown 
colour, and, after the addiiion of alkali, is decomposed by iofu- 
•ions of tan. 

When the coagulutn is kept some weeks in one part of nitric 
•cid, and 15 of water, it iq converted into adi/iucire. Muriatic, 
acetic, and oxalic acids dissolve the coagulumj but neither citric 
nor tartaric bave any action on it. 

The serous part of the chyle, when heated, becomes stightlj 
turbid, and deposits flakes of albumen. The clear liquid, by eva- 
poration to hall'f^ts bulk, deposits crystals, bearing a strong resem- 
blance to sugar of milk, They are soluble in 20 parts of water at 
60" Fahrenheit, or in four of boiling water, and the taste of the 
•olution is extremely sweet. By nitric acid, Ihey are converted 
into a white powder, having the properties oi saccholactic acid, as 
described by Scheele. 

The destructive distillation of the serous part of chyle afforded 
aminuieii.uaniity of charcoal, with traces of phosphate of lime and 
of muriate and carbonate of soda. 

From these experiments, it appears that chyle bears a striking 
annlogy to milk, not only in its external appearance, hut in chemi- 
cal properties and composition. It must be acknowledged, how- 
ever, that the results, which have been described, are not perfectly 
coincident with those obtained by Emmcrt and Vauquclin, each 
of whom submitted to analysis the chyle of the horse. Einniert 
was unable to discover the smallest trace of su^ar of milk;' and 
Vauqueliii found also, 1st, q large proportion of albumen; 3d, a 
smitller one of fibrin; 3d, a fatly suhslancci which gives to the 
chyle ihe appearance of milk; and 4thly, several sails, such as 
potash, muriate of potash, and pro-phosphali 
kIso} appears to distrust ihc analogy between chyle and milk^ - 
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SECTION IV. 

ijy the Mucua of the JVoae; the Tears; the Humours of the Eye; 
and I he Liquor of Surfaces and of Cavities, 

I.* The mucu9 of the nose was examined by Fourcroy and 
Vauquelin, in the state in which it is discharged during catarrh* 
Its principal qualities appear to be owing to the large proportion, 
^nrhich it contains, of the substance termed by Dr. Bostock animal 
mucus. By exposure to the air, this substance becomes viscid; 
but, when recently secreted, its consistence does not appear to be 
thicker than that of tears. It contains, besides other neutral salts, 
a small proportion of carbonate of soda; and hence it precipitatdi 
the solution of barytes and of lime. Water does not dissolve it, and 
it can only be brought into a state of diffusion by agitation. The 
acids thicken it, when used in small quantity; but in a larger pro- 
portion they dissolve it. Pure liquid alkalies decompose it, and 
extricate ammonia. Oxy-muriatic acid renders it thick and dry; 
and reduces it to a state almost resembling parchment. 

Berzelius found the mucus of the nose to consist of 

Water . 933.7 

Mucus matter ...••••.. 53.3 

Muriates of potash and soda • • • • 5.6 

Impure lactate of soda ....... 0.9 

Albumen and animal matter, insoluble > ^ 
in water, but soluble in alcohol . ^ 



1000. 



2. The tears appear to differ from the mucus of the nose in no 
respect, except in being of a more fluid consistence. They are 
perfectly pellucid, have a saline taste, and a specific gravity rather 
greater than that of water. They change the colour of syrup of 
violets to green, owing to their containing a portion of uncombi" 
ned soda. Mr. Hunter f6und that when tears are exposed to a tem- 
perature of 160**, a coagulum is formed; and that a substance still 
remains in solution, which is coagulable by Goulard's extract of 
lead. These properties indicate the presence both of albumen and 
of mucus. By evaporation, the tears afibrd a yellow extract, which 
is insoluble in water, but is readily soluble in alkalies. Sulphuric 
atid disengages from this extract both carbonic acid antl muriatic 
acid gases. After its combustion, phosphate of soda and phos- 
phate of lime are also discovered in it. Fresh tears are decom- 
posed by oxy-muriatic acid, and a precipitate is thrown down in 
flakes, which resembles the matter obtained by evaporation. 
Tears, therefore, are composed of water; an animal fluid reseni- 



UOMN.EIE ANIKAI. 



bling albumen; 
neuU'ul salts 
. The hu-x 



nothei' fluid which is i>rub;il)ly n 



>iand 
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The aqueous humour i 
c gravity 1009. It has Lille smeB 
By evapora* 



0/ the eyr. 
transpsi-eni liquid, of the spccil 
or I3sie, and scarcely nffects blue vegetable coloura 
tion ii leaves a residiiuiii, amounting to about S fier ceut. Boiling 
occasions a slight cuai^ulation; and tan precipitates iti both before 
and after being heated. Nitrate of silvot precipitates muriate of 
silver from it, but no other metallic ^alts aR'ect it. Hence it tnaf 
be inferred, that the aqueous humour consists of a large proportion 
of water, and of albumen, gelatine, and several neutral salts. 

The vitreotia humour agrees with the nqucous as to the naturo 
of its ingredients, and differs only in ihcir proporiiun. In the crys- 
talline lens, both albumen and gelatine are present in considerably 
larger quantity. It is soluble in cold water; but the solution is 
coagulated by heat, and by the addition of tan. Its specific L,'ravity 
is nearly 1 100. It appesira, tiicrefore, thai all the humours of ih« 
eye are composed of the same ingredients, ttud differ only in Ui« 
proportion which they bear to each other. 

A recent analysis of the humours of the eye by Berzelius, has 
determined their composition as follows: 



Water 98.10 ... . y8.4.o ' 

Albumen . a trace .... 0.16* 

Muriates and lactates . . . 1.15 .... 
Soda with animal matter solu- X qj^ 



100. 



100. 



The lens of the eye was found to be composed of 

Water 58 . 

Peculiar matter . .... 35.9 " 

Muriates, lactates, aod animal matter soluble in J ■' 

alcohol 5 3-* ' 

Animal matter soluble only in water 1,3 

Insoluble membrane 2. J 

100. 

In the ashes of the crystalline lens, Berzelius fount! only minuto 
traces of irons but in those of the black matter which coders the 
choroid coal, he discovei-cd a large pi-oporlion of the oxide of that 
metal.* 

4, Liquor ofuurfacet. On the surface of every cavity through. 
But the body a fluid is constantly poured out, in sufiicient quatUilW 
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plubricate the parts; and occasioii&Uy, also, to keep certain cavi- ^^H 

aatMeofdisiens'nn. To this head may be referred the fluid ^^^ 
nioisiens the pleura and ilic peritoneum, and the coiitcntB 
jericardium, of the ventricles of the hrain.and of (he amnios. 
Eis only a part of these, however, tbit have been accurately ex- 

^uoroflhe pericardium has been analyzed by Dr. Bostock. 
(ad the appearance of the serum of t lie blood; and when exposed 
B.the heat of boilioG; water, became opaque and jjelatinous. By 
few evuporation ii left a residuum equal to one l3Uiof the whole. 
Ivas precipitated by oxymuriate of mercury; after the action of 
li infusion of galls had no effect, but a copious sediment was 
icedhyGoulard'sexlract. From these characters Dr- Bostoclt 
[.disposed to consider it as a compound of albumen ant) mucus 
luriate of soda aitd water, but without auy gelatine. The 
iug proportions he assigns as approximations: 

Water . 93 

Albumen s.S 

Mucus 2 

Muriate o) soda 0.5 



[.•The liquor of the amnios, or the Huiil which surrounds the fcetui, 
taled by Vauqnelin and Buniva to be remarkable, in the cow, 
r aflbrdini; a peculiar acid, already described under the name of 
liotic; but Dr. Prout, who has lately examined this liquor 
uch aHention, was not able to detect any such principle.t 
nie liquor, on which he made his experiments, had the sp. gr. 
(pl3. Its taste was bland and sweetish like fresh whey; and, when 
Ipceutnited by evaporatioD, it yielded crystals of sugar of milk. 
Kconsisted of 



Water 977 

Albumen 3.6 

Substance soluble in alcohol , 16, G 

Saline substances and sugar uf milk 3.8 

J 000. 

un the human subject, the compositioti of the liquor of the am- 
s entirely different; none of the amniotic acid appearing to 
bt in it. The only ingredients, that are found in it, are albumen, 
le, with a portion of murine and carbonate of sodaanil some 
jsphate of lime. It is precipitated by heat, by acids, by alcohol} 
f by infuaion of galls. 



I 



f TbomEDD's Am 



■117 



S«3 



CiOlffl.KX AKDIAL I'KOtfUtlTS. 



S. Lyn/ili. The fluiri fount! in the thoracic duct of animals that 
have been kept 24 hours without food, is perfectly transparent and 
colourless, and seems to difl'er, in no respect, from that which h 
contained in the lymphatic vessels. Us properties are described 
by Mr. Brande as follows: 

1. It is miscible in every proportion with water. 

2. It produces no change in vegetable colours. 

;i. It is neither coagulated by heat, by acids, nor by alcohol, btit 
is rendered slightly turbid by the last mentioned agent 

4. It gives, on evaporation, a very sparing residuum, which 
turns the, colour of violet paper green, By incineration, this matter 
gives a very little muriate of soda, hut no iron. 

5. When submitted to electrical action, there was an evolution 
uf alkali, and a separation of aihumen, at the negative pole. At the 
positive wire, muriatic acid oidy seeroeil to be evolved. 

6. Synovia. This Buid, which is found in the cavities of the 
joints, may, from its office in lubricating the pails in which it it 
found, be described in this place, though in composition it difTers 
considerably from the liquor of surfaces. It is at first a viscid . 
liquid, but soon becomes p;elatinous; and, after remaining some 
time in this slate, again assumes a fluid form and deposits a fibrous 
matter. Alcohol separates from it a portion of albumen, but the re~ 
maining liquid remains viscid. Acetic acid destroys its viscidity, 
and precipitates a qtiantity of white threads, which have a striking 
resemblance to vegetable gluten. The same substance is preci[a- 
tated by the mineral acids, but not unless they are diluted with ■ ' 
large quantity of water; for in their concentrated form, they have 
the power of dissolving it By continuing the analysis, several neo- 
iral salts may be obtained, and the proportions of the entire i 
have thus been stated byMargueron;* 

Fibrous matter 11. 8S 

Albumen 4.5a 

Muriate of soda 1.75 

Soda 0.71 

Phosphate of lime 0.70 

Water 80.46 



7. Thefaid qf fierefilraiion has been examined by BerKd 
but under the disadvantage of operathig on a very small qui ~ 
A few drops, collected and evaporated on a watch glass, left ai| 
lowish residue, having all the appearance, under the microsQapS^ 
of the usual mLxture of muriates of potash and soda with lactic 
acid, iHctate of soda, and its accompanying animal matter. It red- 
dened litmus, and dissolved in alcohol; and was, without doubtt c if • 1 

* Annalci de Chim. xiv. 
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the same nature as the analogous matter found in other animal 
fluids. The acetic acid, which Thenard supposed he had disco- 
-vered in the fluid of perspiration, was most probably a product of 
his mode of operating. 



SECTION V. 

Of the Urine and Urinary Calculi^ 

The urine, though one of the most complicated fluids of the 
animal body, containing at least a dozen diiferent substances, is 
perhaps one of those, the composition of which is now best under- 
stood. For a long period of time, the attention of chemists seems 
to have been limited to the extraction of phosphorus and neutral 
salts from urine; but a new direction was given to their labours, by 
the valuable discoveries of Fourcroy and Vauquelin.* The ana- 
lysis of the urine has been prosecuted, also, with great success in 
-this country by Cruickshank;t in Spain by Prousi;J and recently 
by that indefatigable philosopher, professor Berzelius of Stock- 
holm, § And though some important facts have been contributed 
by other persons, yet it is chiefly to these writers that we are in- 
debted for the materials of its chemical history. 

The external properties of the urine need no description; and 
indeed none would apply universally to a fluid, which is constantly 
varying, not only in the diseased but in the healthy state of the 
body. The following account of its chemical properties is to be 
understood as applying to the urine which is voided early in the 
morning, or at least several hours after a meal. In this state it has 
■ a deep yellow colour, and an intensely bitter taste. Its specific 
gravity is variable. Dr. Bryan Robinson fixes it at 1030, water be- 
ing 1000; and M. Cruickshank found it to vary from 1005 to 1033. 
From my own experiments, I am disposed to consider the num- 
ber stated by Dr. Robinson as a fair general' average. 

The substances^ which appear to me to have been satisfactorily 
proved to exist in healthy urine, are the following: 



1. Water. 

2. Free phosphoric acid. 

3. Phosphate of lime. 

4. Phosphate of magnesia. 

5. Fluoric acid. 

6. Uric acid. 

7. Benzoic acid. 

8. Lactic acid. 

9. Urea. 
10. Gelatine. 



11. Albumen. 

12. Lactate of ammonia. 

1 3. Sulphate of potash. 

14. Sulphate of soda. 

15. Fluate of lime. 

16. Muriate of soda. 

17. Phosphate of soda. 

18. Phosphate of ammonia. 

19. Sulphur. 

20. Silex. 



* Aanales de Chimie, xxxi. 48. 
I Aunales de Chimie^ xxxvi. 258. 



t Phil. Mag. ii. 940. 
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The presence of an uncombincd ackl in urine ia shown by itijj 
variably, wlien recently voided, redrleninghiue vegetable colouW 
This effect is owing ■partly to the phosphoric, and partly to the tftfi- 
tic and uric acids, which urine containHj and Vogel has lately a»- 
deavourcd to ahuw that carbonic acid is, also, one of its Lonstitu- 
entB.* The lactic and phosphoric acids form the solvent, by which 
the phospliate of iimc is retained in solution; and, if this portion of 
acid be saturated, the earthy salt is prccipilaled. Hence a feVr 
drops of pure ammonia, added to recent urine, occasion a white 
cloud, and a sediment of neutral phosphate of lime falls, in the 
proportion of about two grains from four ounces of urine. If 
litnc-water be mixed with urine, a still larger quantity of phos* 
phate of lime is deposited; for the newly added earth unites vrith- 
the free phosphoric acid, and a quantity of phosphate of lime i» 
generated, in addition to that which before exisied in solution. 
In the precipitate, formed by cither of these processes, a small 
proportion of magnesia is discoverable, which existed, no doiibtt 
in, combination with phosphoric acid. The Ecdimeni contains^ 
bIso, according to Beracliust, fluate of Hme. The presence of 
the ]u>)t'meniianed substance w^s ascertait^ed by adding sulphuric 
acid, which set at liberty vapours of fluoric acid, in sufficient 
quantity to corrode glass. 

When ihc urine has stood for about 24 hours at a mean tem- 
perature, the uric acid and phosphate of lime are in a ^reat mea- 
sure deposited; and still more speedily and completely, if the urine 
be fimt evaporated to half its bulk. They may be separated front. 
I each other, either by diluted nitric acid, wliicli leaves the uric acid] 
lanS takes np only the phosphate of lime; or by calcining the mix- 
[ lure in a red-heat, which destroys the uric acid, but not the calcft- 
1 reous phosphate. By this operation, the uric acid is found to vary ^ 
I considerably; but the phosphate of lime is pretty constaiitly in tho 
proportion of a grain from two ounces of urine. The quantity of 
1 uric acid,' obtained from urine, is greatly increased" by adding to 
L that fluid alniosC any other acid, and allowing it to stand for some 
[ days; at the end of which lime small crystalline grains will be 
I found lining the inner surface of the vessel.^ 

I The existence of salts, containing sulphuric acid, in urine, la 
t proved by adding muriate of barytes, to urine acidulated with mu- 
I riatic acid. This excess of acid prevents the precipitation of the 
[ phosphates, which would otherwise be decomposed by the barytic 
[ salt. From the weight of the precipitate, Berselius computes 
' that the proportion of sulphuric acid in urine exceeds that of 
I phosphoric acid.— If nitrate of baryles, with an excess oi nitric 
I acid, be employed, and if the urine, after depositing the sulphate 
I of barytes, be evaporated, a further portion of sulphate of baryies 
I is deposited in small hard crystals. Now the sulphuric acid, which 

I •93Aim.deChim.7l. 

I 4 Auu«lrs i]e r'liiniie, Ixi. SSB; aod Thomsou's Aonals,ii. 416. ^M 

[ I Egao, PhiLusopbical Magtaae, sxiii. 298. ^H 
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occasions this second production of the barytic sulphate, must 
have been formed during evaporation; and can only be accounted 
for by supposing, that a portion of sulphur, existing in the urine^ 
has been acidiiied by the excess of nitric acid. 

When urine, which has deposited its phosphate of lime and uric 
acid, is submitted to distillation, a liquid condenses in the receiver^ 
"Which has a very peculiar and nauseous smel), and effervesces 
strongly with acids, in consequence of its containing carbonate of 
ammonia. In the reiort there remains a residuum, which, if eva- 
porated to the consistence of honey, composes from one 24th to 
one 36th the weight of the urine. When .a litile of this extract is 
added to a quantity of nitric acid, diluted with an equal weight of 
water, a number of shining white or yellowish scales are deposit- 
ed, resembling the boracic acid, and in the proportion of five-Sths 
or seven 8ths the weight of the extract. This precipitate is occa- 
sioned by the action of the nitric acid on the urea, which is con- 
tained in urine; and to the decomposition of the same substance is 
owing the carbonate of ammonia, obtained from urine by distilla- 
tion. -^See the section on Urea.) 

From the extract of urine, the peculiar substance, called the 
urea, may be sepai<ated by digesting the extract repeatedly with 
alcohol, and decant ini>^ the solutions, which are to be gently eva- 
porated. Its proportion varies very considerably; but it has been 
stated, by Mr. Cruickshank, at about one 70th the weight of Uie 
urine, or one half the inspissated extract The ui*dissolved residue 
contains lactic acid and a number of neutral sails, consisting of 
muriate of potash, muriate of soda, phosphate of soda, and phos- 
phate and lactate of ammonia. Muriate of ammonia, is, also, oc- 
csysionally found, and is dissolved, along with the urea, by the 
alcohol. These salts admit of being separated from each other 
by solution and evaporation. The muriates, at a certain degree 
of concentration, form a pellicle, which is to be removed while 
the liquor is hot. The solution, when cold, deposits two sets of 
crystals; rhomboidal prisms, which are the phosphate of ammonia; 
and rectangular tables, consisting of phosphate of soda. 

Along with the urea, a portion of benzoic acid is, also, taken up 
by the alcohol. The presence of this acid in urine may be shown, 
by evaporating it to the consistence of syrup, and pouring in mu- 
riatic acid, when a precipitate appears, which consists of benzoic 
acid. In human urine its proportion is small, and Berzelius could 
not even discover a trace of it; but in that of herbivorous quadru- 
peds,, so large a quantity exists as to be worth extraction. On the 
average, Vauquelin has shown that it forms about one 300th of 
the urine of this class of animals.* 

If human urine be evaporated to the consistence of syrup only, 
tnd alcohol be added, the substance remaining undissolved is acid. 
This acid combines with ammonia, and the compound is soluble 

* Aanales de Chimie, Ixix. 311. 
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in alcohul. Troin this eolution the amrnonia is disengaged bjr 
lime; and Fi-oni the new salt thus formcdi the lime mtiy be pt'ecipi- 
Utcd by oxalic acid) which leaves the lactic acid dissulvcd in na- 
ter. By ihis proce&B, a small part only ol (he lactic acid is obtain- 
ed t'rcjin ui'lnei tiie gi-eacei' portion jol' it being dibsolvud by tlie 
ulcohol, together with the lactate of anunonia. 

Albumen, gelatine, and mucus exist, ulso, in the ui-ine, but in 
¥617 variable proporiiori. Wbeu urine is heaictl nearly to the 
boiling temperature, a. white flocculent precipitate often tonus in 
it. This is in part phosphate of lime, thrawn down by.tbe aniino- 
nia resulting from the decomposition of urea; but it also contains 
coagulated albumen, which remains after adding muriatic acid to 
dissolve the calcareous phosphate. In dropsy, the proportion of 
albumen is often sufiicicnt to produce a dialiiict coagulation botb 
by heat and acids. Gelatine is discovered, on adding infusion of 
gills, by a precipitate which amowits, according lo Mr. Cruick- 
shanlc, to one 240th part the weight of the urine. 

Mucus, also, is suspended in all newly evacuated urine, and 
sfiects its perfect transparency. If the urine be voided in different, 
portions, the mucus, which naturally lines the urinary passages, 
is most abundant in the hrst, and less so in the subsequent pat^ 
tions. When recent iiHne is filtered, the mucus remains on the 
filter, in tlie form of transparent and colourless floccull. The 
cloud, which appears in the urine during fever, is merely this 
mucus, which subsides more slowly than usual, in consequence of 
the increased specific gravity of the urine. From urine filtered 
wheD warm, a grayisli white sediment falls in cooiing, which gra- 
dually acc^uires a reddish hue and a crystalline form. The grayi&h 
powder is soluble in caustic potash, without any evolution of am-* 
inonia; but, as it becomes red and crystallized, potash disengages ' 
ammonia from it in abundance. Berzeliua considers it, theretbre, 
as urate of ammonia with excess of acid. The deposit is partly 
soluble, also, in acetic acid, which extracts a substance having the 
characters of mucus, There appears, indeed, to be an affinity lie- 
lueen uric acid and mucus; for that acid separates most abun- 
dantly from urine, which has not been deprived of mucus by fil- 
tration. In some diseases of the bladder, its mucous secretion 
appears to undt.rgo a considerable change, and to assume a puru- 
lent appeanvnce.* 

Sulphur was first discovered in urine by Proust, This fluid, he 
observes, blackens silver vessels in which it is evaporated, and 
scales arc detached which consist of sulphuret of silver, Sulphu- 
leied hydrogen gas, he finds also, is disengaged from urine which 
has been kept about fifteen days; a remark, which has since been 
made, also, by Vogel. 

The same distinguished chemist supposed mat he had discover- 
ed carbonic acid in urine, by esanuning the air bubbles which urisc 

* Berz;:lius ia Thomson's Anualt, ii. 420. 
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from this fluid during ebullition. There can be little doubt, how- 
ever, that the carbonic acid, thus detected, arises from the decom- 
position of urea by the increased temperature. To the same 
source, also, (urea) may be refered the carbonate of lime, found 
by Proust on the surface of casks in which urine had been kept. 
By the decomposition of urea, carbonate of ammonia is formed; 
and this, i*e-acting on the phosphate of lime contained in urine, 
would doubtless compose carbonate of lime. The occasional pre- 
sence of the sulphate of soda rests on better evidence; for it fre- 
quently happens that only a part of the precipitate, formed by 
adding muriate of barytes to urine, is dissolved by muriatic acid; 
thus indicating the formation of sulphate of barytes. 

The acetic acid and resinous matter, which Proust imagined he 
had discovered in urine, may be accounted for by supposing, that 
they were produced, rather than separated, by the processes which 
he employed. At least their existence in healthy urine is^quivo- 
cal; and it is not improbable that this excellent chemist mistook 
the lactic for acetic acid. The acetic acid he obtained #by distil- 
ling a fresh extract of urine with sulphuric acid; and the resinous 
matter by diluting the residue of this distillation when beginning 
to grow thick, with a large quantity of cold water; the excess of- 
acid being afterwards removed by a little alkali. The resin thus 
produced he found to bear a striking resemblance to castor. 

Berzelius discovered siliceous earth in urine by treating extract 
of urine, first with alcohol, then with water, and finally with mu- 
riatic acid. The silex remained in the form of a gray powder, 
which, by fusion with soda, became glass. Its source he appre- 
hends to be in the water, which we drink, which almost universally 
iiontains silf x. 

With regard to the proportion of the different ingredients of 
urine, Berzelius finds that it differs essentially in the same indivi^. 
dual, even from causes which- have little influence' on health. The^ 
following Table may be considered as showing its average com- 
position. 

« 

Water ...... ^ 93S.00 

Urea . .* 30.10 • 

Sulphate of potash 3.71 

• ■ soda 3.16 

Phosphate of soda 2.94 

— ammonia ....... 1.65 

Muriate of soda . . . *. 4.45 

' — i— ammonia 1.50 



Free Lactic acid 

Lactate of ammonia • . 

Animal matter soluble in alcohol and accom 

panying the lactates 

Animal matter insoluble in alcohol . . . 
Urea not separable from the above . . . 



17.14 



Eartliy phoBphates with a trace of Fluate of ? , . 

Uric acid' '.'...'..'.... . 1.00 

Mucus of the Bladder O.UZ , 

SilcK 0.03 

1000. 

The 17.14 parts of lactic acid, he. contain a quantity of m „,^ 
vhich catinnt be abstracted without deconijiosing those bodicufc 
The uric acid U extremely variable; but in the particular instance, 
wliich furnished the above veBiilts, it was deposited on cooling. 
The earthy phosphates contain 1 1 per cent, more magnesia, than 
exists in the earth of bonesTor in the ashes of blood. Much mon 
potash is discoverable, also, in urine and in milk, than in blood, 

Th^-putrefacAon of urine is attended with a scries of chun^es, 
8ome,wliat analoi^ous to those accompanyini; its distillation. Tb« 
ureal which it contains, is decomposed and converted into carbo' 
nate of ammoniui which neittraliises all the redundant acids, and 
precipitates phosphate of lime. At the same time, the amToooiai 
uniting with the phosphate of magnesia, composes a salt, wblcli 
Beitles in whhe crystals on the inner surface of the vessel Thift 
salt is the ammoniaco-magnesian phosphate, which constitutes SO 
targe a part of some urinary calculi. The albumen and i;elatine 
contained in the urine also undergo decomposition! and flakes ajv 
deposited, which consists of both these substances. Acetic aci4 
is (generated, and becomes saturated with ammonia. Acetate and 
carbonate of ammonia, and the ammoniaco-magncsian pho^iphAtA 
appear, therefore, to be the principal substances generated by tbe 
putrefaction of lirine. * 

Some important facts have been ascertained 6y Mr. Cruick- 
■bank, respecting the changes that the urine under^es in dilGe- 
rent diseases. In dropsy, the urine was coagulated so completely 
by heat and by acids, as to differ but little from the serum of the 
blo'jd. When this disease, however; arose from a morbid state of 
the liver, the urine was not coagulnble; but was observed to be 
small in quantity, high coloured, and to deposit a considerable por- 
tion of pink sediment (probably the aubxcance roear'e of Proust.) 
In inflammatory affections, the urine was found to be loaded with 
albumen. In gout, towards the end of the paroKysm, the urine 
deposited a lateritiaus sediment, which consisted of a very minute 
quantity of uric acid, a larger qiiaiuiiy of phosphate of lime, and 
some peculiar animal fluid not soluble in water. The uHne of" 
jauniliced persons contained a small quantity of bile, which was 
discoverable by the addiliim of muriatic acid. Hysterical urine 
was remarkable for a larger proportion of saline ingredients, but 
had scarcely any animalized matter. 

The composition of the urine differs essentially in the different 
classes of animals. Urea appears to be a constituent of the urtne 
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of all animals, so far as it has hitlierio been examined; but the. ' 
uric acid is not found in herbivorous quadruji^dsi the uHae of 
which contains, instead of it, a large proportion of beiixoic ncid. 
That of the horae and of the rabbit are remarkable for Mcomin^ 
milky after being voided, in consequence of the deposition of car- 
bonate of lime. The urine of the mbbit contains, also, carbonates 
of magnesia and potash, and sulphates of potash and lime. The 
nrine of the cow, besides a larger proportion of benzoic acid, 
holds in solution carbonate and sulphate of potash and muriate of 
potash. — The urine of domestic fowls, which is voided through the 
same passage as the excrement, was found by Fourcroy and 
Vauquelin, and more lately by Cbevreul, to contain uric .acid. 
Anil Dr. Wollaston has determined the proporlion of uric acid to 
be greatest, in the urine of birds that feed pn animal food. In the 
hawk, fed on fiesh only, it (vas remarkably abundant; and the gan- 
. net, feeding solely on fish, discharged no solid matter except uric 
kcid.* The uric acid has been found, also, by Dr. Proutt to con- 
stiiiHe upwards of 90 per cent, of the excrement of an animal, be- 
longing to a different class, the serpent called 6oa conaCriclor. 
Air. Brande, some years ago, discovered it in the urine of the 
camel, But, on the other hand. Vauqueiin has proved that it is 
entirely absent froi^Ae urine of the lion and tiger, though fed on , 
flesh, and though \\mh urine abounds in urea.| 

Urinary calculi. Connected with the analysis of urine is that 
of the concretions, which are found in the bladder, and which oc- 
casion a disease, equally formidable from its symptoms, tnd its 
remedy. Little was known respecting their chemical composition) 
till the time of Scheele; to whom we owe on this, as on man^ 
ether subjects, the first, and therefore the most difficult steps to- 
wards accurate analysis. By the discovery of the nric (or, as he 
termed it, lithic) acid in one of the most common varieties of cal- 
cutus, and in the ordinary urine, he paved the way to every thing 
that has been since ascertained, respecting other varieties; and his 
experiments have been most ably followed up by those of Dr. 
"Wollaston, und of Fourcroy and Vauquelin. It is but justice to 
Dr. Wollaston, however, to stale, that the principal distinctions 
of the several species of calculus were policed out by him in the 
year 17975, i" » memoir not less distinguished by the importance 
of its facts, than by the simplicity with which they are narrated, 
Two years afterwards the experiments of Fourcroy and his asso- 
ciate were communicated to the National Institute; so that the 
title to priority unquestionably belongs to our countryman. Se- 
veral valuable additions have been since made to our knowledge 
of the subject by Dr. Pearson, Mr. Brande, and others; and aa 
excellent history of all that was before known, combined with 

■Phil.TraDB. IfllO. fTlioanson'a Annals, v. 413. 
tits Ann UeChtiN. 199. {See the PhUusoplucal TnatactioDsforlhatyi 
Vol. II.— O o 



Bcienttip ' 



3M UOUPLBX AMMAL fWUMIOTS, 

miicli original matter, has been contributed by Dr. Miircet.* la 
the plates, which are onneKeil to iliis work, will l>e foiuul the n 
exact representations of the several varieties of urinary c 
tdons; ti^ bave yet been piiblisbed. 

The ingredienlB of urinary calculi arc much less numerout^ 
those of tlie urine. The following appear to be the only s 
Uie existence of which, in concretions of this son, is aufficiemhr 
esta'ilished; viz. uric or litliic Hcid^ phosphate of lime; DniinDnUiCa> 
magnesian phosphBte; oxalate of lime; silex; and an animal mattuTf 
which serves the purpose of a cen^ent to the curthy ingredients. 
To these, Proust has added the carbonate of liniejt liui in this in- 
stance, there ia reason !o doubt of an authority which is in most 
cases unquestionable. The ingrcdienu of rarer occurrence ai« 
the cijatic oxide at Dr. Wollastoni and the a-aiilAie oj'irfe of Dr. 
Marcet. It is scarcely ever that any of these substances Is found 
ainijly. Nevertheless, the predominance of some one of them 
gives to the concretion its peculiar characters; and deiermincs tho 
genus to which it should be assigned. Several arrangements oC 
urinary calculi have been contrived. Foureroy and Vauqtwliit^ 
ha^ e enumerated three genera, which they have divided agatn in- 
to no leas than Uvelvc species. In these subdivisions, howevert 
several minute differunces have been attendoA^o, which arc s 
ly sufficien! grounds for specific distinctionsjlptd it appears to n 
sufficient for every purpose of arrangement to chiss them under 
the following heads. 

I. Calculi which are chiefly composed of u' 

II. Calculi principally composed of the am 
phosphate: 

III. Calculi consisling, for the most part, of phoaphal 

IV. Calculi which derive their characlerisiic property froEQ 
oxalate of lime; and 

V. Calculi composed of the substance discovered by Dr. Wol- 
laston, and called by him cystic oxide. 

I. The calculi composed entirely of uric acid are of very rara 
occurrtnce; but those, in which it prevails, and gives the charac- 
ter of the species, form a very considerable piuporlion, perhaps 
one half, of urinary concretions. Calcuh of this kind are of vari- 
ous sizes, from that of a bean to that of a large egg. Their shape 
is most commonly a flattened oval; but when more than one are 
found, they acquire, by friction against each other, several sidei 
and angles. The best view of their inlernal structure is obtained 
by sawing them through iheir longest and widest diameter, whra 
they exhibit generally a central nucleus, of more compact texture, 
and greater hardness and lustre, than the rest of the stone; but 
generally of the same figure. Fi'om this to the circumference, a 
number of distinct layers are perceived; and these layers, when the 

*■' An Ee#ayoD the Cliewical Hislorj and Medical Treatment of C 
louB Disorders," 8vo. London, IBI7, 
\AanaXet de Chimie, xxxri. 
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s hrokcb, exhibit a radiated structure, the radii conveig- 
LowardB liie ceinre. Th€ harder varieties, when divided by 

e.satv, admit gf some degree of pulish, and bear a cansiderable 
tesembjance tu wood. Their colour ia various, but generally of 
differeiii shades of yellow, from pale straw yeliow to a deep shade 
of that colour, approaching bi-own or sometimes brown wiih a 
mixture of red. Their specific gravity, according to Fourcror, 
varies from 1.276 to 1. 786! but generally exceeds 1,500, 

The chemical characters of calculi of this kind resemble those 
of the uric acid. When burned in a crucible; they emit the amell 
of horn, and are aimosl entirely consumed; a black dense coal i-e- 
vAaiiiing which amounts to about one 5th the weight of the calcu- 
Ida. They dissolve, either wholly or in great measure, in solu- 
lions of pure potash and pure soda, and are precipitated again by 
ftcids Avery striking prtiperty of this sort of concretions is, that 
when a few grains are heated on a watch glass with a small quan- 
tity of nitric acid, and the mixture evaporated to dryness, a beauti* 
ful red substance remains, which dissolves in water and tinges the 
skin of the same colour. 

IL The amnioniftcu-magnesian phosphate or triple calculus ia 
scarcely ever found without an admixture of some other substance, 
liBpecially of phosphate of lime. Calculi of this sort are easily 
discriminated, from those ofthe first species, by their colour, which 
is white, generally pure white They attain a much greater size 
tban uric acid calculi; and, in one or two instances, have increased 
BO as to fill the whole capacity of ihe bladder. The layers are 
distinguishable only by difl'erent degrees of hardness and density; 
and small cells are often formed by the interrupted deposition of 
these layers, which are lined with sparkling crystals. The calculi 
of this kind are soft, and their powder dissolves sufticiently in the 
ttiouth, to give a distinct sweetish taste. 

Boiling water acta upon ihe ainmoniaco-magnesian phosphate; 
and the calculus loses about four ioths of its weight, which is dc- 
posited on coaling, in the form of shining crystals. When ex* 
posed to heat it first becomes black, emits a smelt of ammonia, and 
a white powder is left, which fuses imperfectly when the heal ift 
more strongly urged. Most acids (even sulphuric acid of the 
specific gravity 1020) dissolve it rapidly, and deposit ii again on 
the addition alkalies. Pure alkalies do not dissolvefit, but disen- 
gage ammonia. To extract the phosphoric acid, Dr. Wollaston 
dissolved the calculus in acetic acid, and precipitated the phos- 
phoric acid by an excess of acetate of lead. To iJic clear liquor, 
sulphuric acid was added, which threw down the excess of lead, 
and, at Uie same time, formed sulphate of magnesia. Evaporation 
\o dryness removed the acetic acid; and, by raising the heat, the 
solphate of ammonia and excess of sulphuric acid were expelled 
leaving the sulphate of magnesia pure, and capable of forming 
crystals by solution and evaporation. 
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III, The third species of calculus, composed chiefly of p 

Ehale of lime, is usually, on its outer surface, of a pale brow 
lur, and so smooth as to appear polished. When sawedj'li 
found lo be regularly laminated, and the layers adher 
as to be readily separated into concentric coats, Internally 
colour is white, but not of that pure and brilliant kind, which i 
tinguishes the ammoniaco-magnesian phosphate. The small crya- 
taisalso,which occur imbe former variety, are never found in thisf 
vid its powder, when rubbed between the fingers, is considerably 
more harsh and rough. 

The phosphate of lime calculus dissolTes, though slowly, in di- 
luted nitric, muriatic, and acetic acids (but not in the sulphuric 
acid of the speciiic gravity loso), and is precipitated unchanged by 
elkalies. A small fragment put into a drop of muriatic acid, on S 
piece of glass over a candle, is soon dissolved; and, when the acid 
IS evaporated, crystallizes in needles, which makes angles of 60' 
and 1 30'^ with each other. This property Dr. WoUasion conuden 
as a Very delicate test of the phosphate of lime. When exposed 
to the blow-pipe, it first blackens, but soon becomes white, and, bjr 
intensely urging the flame, may at length be fused. When the phos- 
phate of lime and ammoniaco-ma^esian phosphate exist togetlier^ 
they compose a calculus, a fragment of which may he melted with 
great ease by the blow-pipe into a vitreous globule; and which has 
therefore been called by Dr. Wollasion, IhefMibie calculus. Thi» 
calculus, when pulverized and acted upon by acetic acid, is otilf 
partially dissolved, the amoniaco-magnesian phosphate being takes 
up by the acid, and the phosphate of lime left. In this way, it is 
easy to ascertain the proportion of the two phosphates. 

IV. Calculi of the fourth kind, though their com position. was 
not ascertained, have been long distinguished from others, by tbe 
peculiarities of their external characters, under the name ot iaul-> 
berry calculi. This epithet has been derived from their resent* 
blance to the fruit of the mulberry. They are usually of a mucli 
darker colour than the other varieties, and are covered, generally) 
with a number of projecting tubercles; but the species compre- 
hends, also, some perfectly smooth concretions of a pale colour. 
Their hardness greatly exceeds that of the other kinds; for it is not 
easy to reduce them to powder by scraping with a knife. Thej 
have also a greater degree of specific gravity, varying, according 
to Fourcroy, from 1438 to 197e. 

Calculi of this species when pulverized are soluble in muriauc 
and nitric acid; but not unless the acids are concentrated and heat> 
ed. The solution by mutiaiic acid has a deep brown colour, btit 
deposits white crystals on cooling. Pure alkalies do not decom- 
pose this variety of calculus; but when it is digested with alkaline 
carbonates, the^ oxalic acid is separated and replaced by carbonic 
acid. To exhibit the oxalic acid in a separate state, the oxalate of 
potash may be decomposed hy acetate of barytes or super.aceiate 
of lead, and the oxalate of lead or bai-ytes by sulphuric acid. This 
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IB the (irocBBs of Fourcroy; but Dr. Wollaston disengaged the oxa- 
lic acid b; the direct addition ol aulphuric acid to tlic pulveriied 
calr.ulus, and tlie crystallization of the acid which was thus de- 

The presence of lime, in this variety of calculus, is demotiatra- 
ted, ill a very siinplt: mtinner. by burning it in a crucible, and 
strongly calcining the residuum, or by exposure to the hlow-pipe. 
By the addition of water, we obtain lime-water. Silex is a very 
wre ingredient, and has been discovered in calculi, in oTie or two 
instances only. 

V. A new species of calculus frorn the human bladder was dis- 
covered, by Dr. Woltaston, about the year 1805. It appears to be 
extremely rare; for in 1310, when its properties were first descri- 
bed in the Philosophical Trausactians, only two instances of it had 
occurred to its discoverer. With the assistance of Dr. Wollaston's 
- dear and accurate description, and of the proper experiments, I 
liave recognized two other examples, In a collection of calculi now 
in my possession; and Dr. Marcel has since detected it in do less 
tban three instances." 

Id external appearance, these calculi resemble more nearly the 
triple phosphate of magnesia than any other sort of calculus; but 
lliey are more compact, and do not consist of distinct lam in se. but 
Appear as one mass, confusedly crystallized throughout its sub- 
stance. They have a yellowish seiiiiiransparency, and a peculiar 
glistening lustre, like that of a body having a high refractive den- 
■ity. 

Under the blow-pipe, the new calculus gives a peculiarly fstid 
smell, quite distinct from thai of uric acid. Distilled in close ves- 
■els, it yields feetid carbonate of ammonia, partly solid and partly 
fluid, and a hcai-y fcetid oil; and there remains a black spongy coal, 
much smaller in proportion than from uric acid calculi. 

It is so readily acted upon by chemical agents, that its charac- 
ters are best taken from an enumeration of the few feeble powers, 
which it can resist. These are water, alcohol, acetic, tartaric, and 
citric acids, and saturated carbonate of ammonia; all which are in- 
capable of dissolving it, except in very minute pi'oportion. 

Its solvents, on the other hand, are far more numerous. It is 
abundantly dissolved by muriatic, nitric, sulphuric, phosphoric, 
and oxalic acids; by potash, soda, ammonia, and lime water; and 
«ven by fully saturated carbonates of potash and soda. When, 
therefore, it is intended to separate it from acids, the carbonate of 
unmonia is best adapted to thepurpose; and, for the same reason, 
the acetic and citric acids are best suited to precipitate it from al- 
kalies. 

Its combinations with acids crystallize in slender spiculx, radia- 
ting from a centre, which readily dissolve again in water. Its com- 
pounds with alkalies form small granular crystals. 

'On Urinary Calculi, p. 82. 
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As this substance does not affect vegetable colourx, ; 
the cliemical habiuitles of an oxide, Dr. Wollasti 
it by the ni.ine of Cystic Oxide. This name it is not worth «rhi]« 
to alter, thfjuijh Dr. Marcel has laiely met with instances, in which 
its origin may be clearly traced to the kidneys and not to tlie blad- 

Vl Amongat the urinary calculi examined by Dr. Marcet, were 
two, the properties of which were tbiind to differ from those of 
every known species. The first was of a reddish or cinnamon coi- 
lour; was soluble in acids, though lesa readily than in alkalies, and 
gave with nitric acid a solution, which, when evaporated to dry- 
ness, had the remarkable property of assuming a bright lemon 
colour. It WLLS distinguished fi'oin cystic oxide, by being much leas 
soluble in acids; and, from uric acid, by considerably greater solu- 
bilitv in water. From the colour which it affords with nitric acid^ 
Dr. Marcel has applied to it the term orXanihic Ox:ide(irom |«if^, 
yellow.) 

The other calculus exhibited a train of properties, correspond- 
iiig exactly with those of fibrin; and should other examples of a, 
similar kind occur, they may be distinguished, Dr. Marcel IfaiiilUt 
by the epiihet/irinou* calculi.' 

Such are the principal kinds of urinary concretions. If any addi- 
tion were made to the five classes, under which they have been 
arranged, I would propose to add two others; the sixth compr^ 
hending those calculi, which contain several of the foregoing in* 
gredients, in such a state ofadmixture as not to he disungnisbablft 
vithout chemical analysis; and the 'seventh those, in which the 
different substances are disposed in distinct layers or in concentfli;^ 
strata. It may be proper, however, to give an outline of the c' 
ficatinn, proposed by Fourcroy and Vauquelin, after the a 
of more than 6Q0 of these concretions. 



Gbkits I. — Caloui 
Spceiea I. Calculus of unc acid. 

3. ■ oxalate of li 



OFO 



. Calculus of uric acid and eaithy phosphates i 

. of uric acid and earthy phoBphales intimO^ 



• On Urinary Calculi, cliap. iv. 
t The existence of urate of amioonia. as an ing^redienl of caleiiH, Iiu 
ly been rendered very questionable, lo say llio least, hy Mr. Braode', « 
•rhose expcrieace, aud Dr. Marcet's, OQ lliia poiut my own entirely »i 
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Species 3. Calculus of urate of ammonia and the phosphates in 

layers. • 

4. . of the same ing^redients intimately mixed. 

5. — — — of earthy phosphates mixed or else in fine 

layers. 
6. of oxalate of lime and uric acid in distinct 

layers. 
7. ■ ■ of oxalate of lime and earthy phosphates in 

layers. 

Genus III. — Calculi oomposkd of three o j four iNOREDiEirrs. 

Sfiecies 1. Calculus of uric acid or urate of ammonia^ earthy phos- 
phates, and oxalate of lime. 

2. of uric acid, urate of ammonia, earthy phos* 

phates, and silex. 

The urinary concretions, which have been extracted from the 
bladders of inferior animals, differ from those of the human sub- 
ject in containing no uric acid, and in consisting chiefly of carbo- 
nate and phosphate of lime, cemented by animal matter. 



SECTION VI. 

Of Boncsj S/ie/lsj Cruats^ Hom^ and Cartilage. 

The bcnes of animals are composed partly of earthy salts, which 
give them solidity and hardness, and partly of animal matter, which 
«erves the purpose of a cement, and keeps the earthy ingredients 
in a state of union. By long continued boiling, a large part of the 
animal matter is extracted, and a solution is obtained, which con- 
cretes, on cooling, into a gelatinous mass. Hence bones contain 
gelatine as one of their ingredients. But besides this animalized 
substance, another is discovered by the slow action of diluted nitric 
or muriatic acid. Either of these acids dissolve both the earthy 
salts and gelatine; and a soft flexible substance remains, retaining, 
in a great measure, the shape of the original bone. This soft and 
spongy substance seems to be analogous to cartilage; and is essen- 
tial to the constitution of all organized bones and shells. Its pro- 
duction appears to be the first step in the formation of bone, and 
of the other hard coverings of animals. In chemical composition, x 
it has been found by Mr. Hatch ett (to whom we owe its discovery) 
most to resemble coagulated albumen. 

Besides the marrow, which is lodged in the hollow cavities of 
bones, they contain, in the most hard and solid part of their sub- 
stance, a proportion of oil. This oil makes its appearance in a hard 
and suetty form, on the surface of the gelatinous mass extracted 




by boiling. Tt exudes, also, from the bones of recent anatomical 
preparaiionsj and a ponion of it passes over, in a separate but al- 
tered state, when bones are submiued to diaiillatiori. By this pro- 
cess, bones arc deprived, not oiily of their oily part, but the other 
animal substances which they contain are ttecomposed; a quantity 
of carbonate of ammonia is generated; and in the retort there re- 
mains the earthy ingredients blackened by charcoal. By a farther 
combustion in the open air, ihis charcoal is destroyed; and the 
earthy ingredients arc left in a perfectly white state. In this wajr 
large quuntilies of bones are distilled for the sake of the carbonate 
of ammonia, which Is afterwards applied in iffiking the muriate of 
that alkali. The^nimal oil (formerly used in medicine, under the 
name of Dififiel's oit,) is now, on account of its oifensive smell, 
which un6ts it for most otiier purposes, chiefly converted into 
lamp-hlack. 

When (lihiled muriatic or nitric acid is poured upon the white 
ashes of bones, an effervescence lakes place, and nearly the whole 
is dissolved. Solution of pure ummonia. added to the filtered liquid, 
precipitates a white earth in great abundance; but after it ha< 
ceased to produce any effect, the addition of cfirbonate of ammonia 
occasions a fresh precijiitation. What is thrown down by the purtt 
alkali is composed of phosphate of lime and a small quantity (^ 
phosphate of magnesia; and the precipitate by the mild alkali " 
the carbonate of lime. The proportions, deduced from the anajyi 
of ox-bones by Fourcroy and Vauquelin, are the following! 



Animal matter 51 

Phosphate of lime 37.7 

Carbonate of lime lo 

Phosphate of magnesia .... 1.3 

100. 



ij^ 



Human bones were found by Fourcroy and Vauquelin (who have 
given a good general formula for the analysis of bones)* to contain 
some iron and manganese, and a larger proportion of magncwa 
than exists in the bones of herbivorous quadrupeds. This, indeedi 
might have been expected from the large quantity of magnesisi' 
which is constantly passing off in human urine, but not in that of 
other animals. Alumine and silex were, also, found, by the same 
chemists, in human bones, Hildebraiidt, however, has lately ana- 
lyzed human bones, without being able to discover magnesia in 

Besides the above ingredients, Mr. Hatchett discovered in bones 
a minute quantity of sulphate of lime; and Berzelius has detected 
a combination of fluoric acid with the same earth, which Morroc- 

' 72 Ann. de Chira. aSS. f bM Ann. de Chiiii. 1 



Berzelius has given the 

is analysis,* 


. . 3,1.30 . 


. 3. 56 






. . 2.90 , 


4.0 


. . 35.45 . 


. 81.0 


. . 3,85 . 


. 7.W 


. . 2.0S . 


. 3.0 


. . 2.45 . 


1.34 



chini had previotisly found in enamel, 
following tabular view of ihc results of I 



Cartilage .... 3 
Blood vessels . . . 
Fluale of lime . . 
Phosphate of lime . 5 
Carbonate of lime . 1 
Phosphate of magnesia 
Sodat muriate of soda, > 



100. 100. 100. 100. 

Human teeth are composed of the same ingredients as the ena- 
mel, and in the same proportion, except that, in addition to other 
ingredients, they contain cartilage. This cartilaginous basis Mr. 
Hatchetc found to remain in the original shape of the tooth, after 
removing the other component parts by diluted nitric acid. Thft 
enamel, on the contrary, dissolves entirely in diluted nitric acid, 
and is, therefore, free from cartilage. But it probably contains 
gelatine, and to the solution of this animal substance (which is not 
aflerwards precipitable by alkalies) may perhaps be ascribed the 
loss, which forms part of the following results of the analysis of 
enamel obtained by Mr. Pepys. He found the enamel of buman 
teeth to consist of 

Phosphate of lime 78 

Carbonate of lime 6 

Loss and water IG 



iven the '^^| 



I 



100. 



The substance of the teeth Mr. Pepys found ti 
follows: 

Rami oT Che Tnib 
Tunb. Adoli 

Phosphate of lime . . , SS . . 64 

Carbonate of lime ... 4 . . 6 

Cartilage 2S . . 20 

Loss 10 . . io 



The shells, with which several marine and also some land uA- 
mats are covered, have been divided by Mr. Uatchett into two 

* Annales de Chjmie, Ixi- 957. 
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classes. TliR first, from their resemblance to porcelain, h«i 
temied porcellaneous shells. To this class belong the sevend.3 
cies of valuta-, cyfiraa, &c. The second class approach in their d 
racters to mother of peail. The shell of the flesh water muscl^ 
and of the oyster, may be arranged under this head; and pearl it- 
self has the same characiers and chemical composition. Comparing 
the experiments on both classes, Mr. Hatchett concludes that por- 
cellaneous shells consist of carbonate of lime, cemented by a very 
small portion of animal mutter; and that mother of pearl and pearl 
do not differ fi-om these, except in containing a smaller proportion 
of carbonate of lime. This, instead of being merely cemented by 
animal matter, is intei'mixed with and serves to harden a membra- 
nous or cartilaginous substance which is capable of retaining its 
foi-m, after the removal of the earthy ingredient. 

Tbe covering of crustaceous animals Cas echini, star-Rsh, lob- 
sters, crabs, 8tc.) differs in composition from marine shells, snd 
approaches that of the eggs of birds. The shells of eggs, Mr. 
Hatchett found, are composed of barbonate of lime, with a small 
proportion of phosphate of lime, cemented by animal matter. 
Vauquelin has lately added, to these inRredients of egg-shells^ 
carbonate of magnesia, iron, and sulphur.* 

Horn differs essentially from all the substances that have been 
described in this section. The proportion of earthy matter obtain- 
ed by its combustion, srarcely amounts to one SOOih part. It ap- 
pears to consist principally of gelatine and coagulated albumen^^^^ 
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1 has analyzed the cartilage of the agjtalus fiertgritnit^ 
lie found it to be sparingly soluble in water; the solution was vis- 
cid; foamed on ag;itation; restored the colour of reddened litmaBj 
and was precipitated by sulphuric, nitric, or muriatic acid, an ex- 
cess of which re-dissolved the precipitate. Oxymuriatic acid oc- 
casioned a deposit, as did also the pro-nitrate of mercury and the 
siib-acetate of lead. Infusion of galls produced only a slight cloud. 

When boiled with alcohol, tlie cartilage shrunk in bulk, &nd 
became opac|ue by losing water. The first washings liad the co- 
lour of ammoniuret of copper, and deposited an animal matter. 
From the residue of the evaporation of these washings, hydrate of 
lime disengaged a lai'ge quantity of ammonia. 

Cartilage dissolved in muriatic acid, and the solution was pre- 
cipitated by infusion of galls. Nitric acid dissolved it, and when 
evaporated, gave oxalic acid, nitrate of soda, a yellow matter, dif- 
ferent from., that of Welther, and an odorous oil. 

By destructive distillation, it gave the ordinary products of X 
mal substances. ' 

"81 Ann. de Chim. 304. 



SECTION VII. 
Of Musc-le, Membrane^ Tendon, I.rgam 



uaeular Jlfsh of animals consists cliiefly of the peculiar 

Mtance, wliich has been a] reatly, described under the name of 

In'n. Though generally of a. reddish colour; yet, essentially, 

iRcular fibre is tvhite, and may be obtained in this statci if all 

Iv^oluble parts be fiist washed away by toni; conlinued aifusions 

'iwaier, which acquires a dark colour. The solution, if cuncen- 

Ited by boiHtig, gelatinates on cooling; and hence gelatine ap- 

ra to be one of the constituents of muscle. Albumen is another 

redient, and makes its appearance by a deposition of coagula* 

f'flocculi in the heated watery solution. A portion of fat, also, 

Iqueiitly concretes on cooling; but this'is to be considered rather 

D accidental admixture. From the gelatine, when evaporated 

i, alcohol removes a peculiar kind of extract, soluble in 

\i.tr and in alcohol, and first described by Thouvenal. The entire 

tascle, when calcined, leaves about 5 (ifr cent, of its weight of 

tter, composed chiefly of phosphates of soda, ammonia 

1 lime, and carbonate of lime. 

Lean flesh, Berzelius finds, is composed of nearly three-fourths 

(weight of fluid. This fluid contains a fi-ee acid; and the ex- 

'■ ct, which Thouvenel described, is the same acid syrupy mass, 

is met with in milk and urine, and which consists of lactic 

n alkaline lactate, and the animal matter, that always ac- 

Btpanies the lactates. The fluids of muscle abound much more 

this syrupy extract, and contain more phosphate of soda, than 

^ blood. The solid fibre is interwoven with the cellular texture, 

1 furnished with minute veins and nerves. It agrees, in 

mical properties, with the fibrin of the blood; and it is soluble, 

(cpt the cellular texture of veins and nerves, in acetic acid. By 

"uig it becomes, like the fibrin of blood, insoluble in acetic 

t, and imparts to the water, with which it has been boiled, a 

ipHtiluent part, which has a strong and pleasant taste of flesh, 

It be gelatinized. When this is dissolved, and mixed with 

B uncoagulated part of the humours of the flesh, it forms what 

ucftllcd broih, the strength and taste of which depend, not only 

k the dissolved gelatine of the cellular texture, but also on the 

ll^ti, the taste of which it retains. The taste does not depend on 

p extractive matter of Thouvenel; for flesh, from which this ex-, 

tct has been separated, still gives a palatable [hough colourlest 

• Considerable differences exist in the colour and other proper- 

« of the muscular flesh of different animals; but the cause of 

i differences is not well understood. It depends, most pro- 

f, on the projiortiott which the fibrin, albumen, and other 
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principles bear to each other. Gelatine appears to be n 
aant in the flesh of young animals; and albumen and « 
that of old ones. 

The icndons, or sinewa as ihey are commonly called, are the 
Btrong cords in which muscles terniinate, and which connect them 
with the bones. They differ from muscle in the total absence of 
fibrin; and in being completely soluble in waler by suSicientlf 
long boiling. The solution has the properties of gelatine. 

The Itgamentt are excessively strong bands, which tie the bones 
logether at the different joints. They are in a great measure, but 
not completely, soluble by boiling water; and contain, ibei-efore, 
beside gelatine, some other animal substance, probably coagulated 
albumen. 

Membrane* are thin semi-transparent substances, which somC' 
times form bags for containing fluids, and sometimes line the dif- 
ferent cavities of the body. They are for the most part, though 
not entirely> soluble in water; and are composed, therefore, chiefrf 
«f gelatine. Hence by the common process of tanning, membranes 
we convertible into leather, There is an essential difference, 
however, between cellular or serous membranes, and mucous 
membranes. The latter furnish no gelatine by boiling) andUlB 
sooner destroyed than any animal substance, the brain wiw 
water, or by the action of acids. 



SECTION VIII. 



The naiU and hoofe of animals most nearly resemble het 
chemical composition. Their basis seems to be a serie 
branes composed of coagulated albumen, in which is deposited"!^ 
quantity of gelatine. Long boiling does not entirely dissolve them. 
By calcination they have only a very small proportion of earthy 

The acalet of serpents also resemble horn in their chemical 
composition and properties. The scales of fish, on the contrary, 
are more nearly analogous to mother of peart, and are compo BLiHd^ 
of alternate layers of membrane and phosphate of lime. ^^^" 

The tkin consists of two distinct parts, a tough white mei 
on the outside which is almost insensible, and an internal o 
of blood ve&scis and nerves, and distinguished by great sensibi 
Between these two, in the human body, is a soft mucous I 
Stance called TCtc mueaeum. 

1. The external layer, called the cuticle or efiidermU^'iA 
separated from the parts beneath by the action of a blister. 
not soluble in water, nor in acids, tmlcss they are sufficiently i| 



eentrated to decompose it. Hence it differa from gelatine. Alka- 
lies however dissolve it; and, in this respect, it agrees with coagu- 
lated albumen, wliich it resembles, also, in receiving a yellow 
tiDge from nitric acid. 

2. The cutis i>era, which lies beneath the cuticle, consists of a 
number of fibres crossing each other in various directions, and 
bas conuderable firmness and elasticity. Long continued boiling 
in water entirely dissolves it, and a solution is obtained which gc- 
latinales on cooling, or, by farther evaporation, may be wholly 
convened into glue. 

The true skin is composed, therefore, almost entirely of gela- 
tine; but under some modiiicuiion which renders it insoluble in 
water. It is this substance that adapts the skins of animals for 
two important uses, that of being converted into leather by the 
reception of the tanning principle, and that of furnishing glue. 

3. Of the rrte mucoaum very little is known. It is that part of 
the skin, on which its colour depends; and by the sufficiently long 
continued application of oxyinuriatic acid, it has been found thai 
in the negro it may be entirely deprived of its colour. 

Hair has been examined with considerable attention by Vauque- 
Hd. He effected a complete solution of it in water by using a 
Papin'H digester. The application of the proper temperature re- 

3uire(l, however, some caution; for if raised too high, the hair was 
ecomposed and gave carbonate of ammonia, empyi-eumatic oil, 
uid sulphureted hydrogen. The sol-ution always contained a sort 
of bituminous oil, the colour of which approached to that of the 
hair which had been dissolved. After separating this oil, the so- 
lution was precipitated by infusion of galls and by oxymurtatic 
addi but did not gelatinate on cooling. Adds occasioned a pre- 
cipitate, which was re-dbsolved by adding more acid. Silver was 
precipiiaied from its solutions of a black colour, and lead of a 

A diluted solution of potash dissolved hair, excepting a little 
oil, sulphur, and iron; and the compound was a sort of soap. The 
oil, if red hair was employed, had a yellow tinge. Alcohol, also, 
extracted from hair a portion of oil, the colour of which varied 
with that of the hair. 

The coal, obtained by incinerating hair, afforded phosphate, 
sulphate, and carbonate of lime, muriate of soda, silcK, magnesia, 
and oxides of iron and manganese. The whole of these suh- 
stances bore a very small proportion to the hair, and varied in 
hair of different colours. Hair, therefore, appears to consist chiefly 
of an animal matter resembling coagulated albumen; of an oil of 
varioiis colours; of sulphur, silex, carbonate and phosphate of 
ttme; and oxides of iron, and manganese. 

J'eathera probably agree in composition with hair. The quill, 
Mr. Hatchctt has shown, consists of coagulated albumen without 
any gelatine* 

The composition of woo/ is not accurately known; but from iti- 
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forming b soap with pure alkalies, ii probably cansists of ci 
fcil albumen. » 

We arc eciuallr ignorant of the true nature of silt. 
iuble both in water and in alcohol, biit diswlves in pure alkalies 
and adds. By the action of nitric add it affords the peculi^ir 
«itaitc« already described under the name ol' the bitter prineiptt 




SECTION IX. 

■ Of the Suhitance of iht Brari 
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The mciliillary matter of tlic brain and nervous system appot 
to differ Troin all other organized substances. It was first examin- 
ed by M. Thourel, with a view to explaui why the brain was ex- 
empted from the change, observed in the bodies which were 
interred in the Cimetierc dea Innocens. Fourci'oy afterwards add- 
ed many important facts, and corrected M.TIiouret in several 
particulars; and Vauquelin has published an elaborate set of expc- 
liments on the same subject.' 

The medullary substance of the brain is of a soft censistence, 
and forms, when agitated with water, a sort of emulsion, Ibat 
passes through the finest sieves. This fluid is coagulated by a 
temperature of 160°, and a quantity of a substance resembling al- 
bumen is separated. The same coagulation Is produced by acidS 
but the coagnlum differs, in several respects, from that whicli 
takes place from the serum of the blood. On being boiled wLtli 
alcohol, it loses about sis loths of its weight; but one third of the, 
portion, which has been dissolved, is again deposited on cooling 
ill the form of shining crystalline plates resembling those whicb 
&re obtained from biliary calculi, from spermaceti, or from adipo- 
cire; but differing from those substances in requiring a higher 
temperature for its fusion. It stains paper like u fixed oil, is so- 
luble in 20 times its weight of boiling alcohol; and is miscible with 
water into a sort of emulsion, from which it does not separate oti 
atanding, and which is not acid. From the results of its combuB- 
lion, both alone and with nitre, Vauquelin infers that it contains 
uncumbined phosphorus. 

Alcohol, by digesting with brain, acquires a greenish colour, 
which it retains even after filtration. By evaporation to one eighth 
its bulk it deposits a yellowish oily fluid, and the liquor itself is 
yellowish. \Vhen repeated quantities of alcohol arc digested on 
the same portion of brain, the alcohol is tinged a sapphire blue co- 
lour. These colours remain, till the whole alcohol is expelled by 
heatt wheti the residuary ciatter acquires a yellow tinge, of 

• ^ Tiioinsoa'a Annali, i. 33^. 



r or leas intensity. The latter portions of alcohol, do not, 
e first, deposit oil on standing. 

liqtiid oil, after being washed with water, and evaporated to 
s at a gentle heal, has a red<lish brown colour, Hnd a smell 
ibling that of the brain itaolf, but stronger. Its taste is like 
>r rancid fat. It forms, with waler, an emulsion which is co- 
iled by the addition uf acids, and by infusion of tan. It is 
in hot alcohol; and the greater part separates on cooling, 
freed from all acid by washing, yet it furnishes phospho- 
by being burnt either alone or with nitre; and hence we 
mit the presence of phosphorus in this fatty matter, as well 
: crystalline substance. From the latter, indeed, it appears 
only in containing a ctnantity of animal matter, tvhich is 
e by cold alcohol. 

.cohol, from which the fatty matter hns separated, has a 
aIour,a taste of tlie juice ofmeat, and gives marks of acidi- 
lontauiB super-phosphate of potash, and a peculiar animal 
ter, which by its solubility in cold alcohol and water; by its 
lerty of being precipitated by infusion of galls; by its reddish 
colour, its deliquescence, its taste and smell ol the juice of 
may be regarded as identicaJ with the substance, which 
Couelle formerly called saponaceous extract of meat, and to which 
Thenai-d has given ilie name of Otmazome. It is this substance 
which tinges the fatty matter, extracted from brain by alcohol. 

The portion of brain which remains after the full action of alco- 
hol, is a greyish white matter in the form of flocks, which resem- 
bles cheese externally. In drying, it assumes a gray colour, a 
seiui -transparency, and a fracture similar to that of gum arable. It 
appears, as Fourcroy supposed, to be perfectly identical with albu- 
men; and it is this ingredient, which occasions the coagulation of 
brain, when mixed with water, by heat, acids, metallic salts, iScc. 
The alkaline solution of this part of brain precipitates acetate of 
lead of a dark brown colour, showing obviously the presence of 
sulphur. 

The medulla of the brain, when exposed to the air, soon under- 
goes spontaneous decomposition; and evolves an acid, before it 
passes to the putrid state; but under water it may be kept a long 
time without any change. Nitric acid does not produce the same 
effects upon it, as on other animal substances. No nitrogen is se* 
pavaled; but, when the temperature is raised, a large tjuantity of 
carbonate of ammonia is disengaged, and oxalic acid is foimd in , 
the' retort. 

Diluted sulphuric acid, partly dissolves brain, and coagulates 
another part. The acid solution becomes black when concentra- 
ted by evaporation; sulphurous acid is generated; and crystals are 
formed which consist of sulphate of ammonia. Besides this salt, 
sulphates of ammonia and lime, phosphoric acid, and phosphates 
<rf soda and ammonia are found in the liquid. 

When brain is dried at the lemperattire of boiling water, it c 
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agulates and some water separates from it. When distilled in 
close vessels, ammonia is disengaged; which, uniting with carhomc 
acid formed at the same time, composes carbonate of ammonia. 
A portion of oil is obtained also, and sulphureted and carbureted 
bydrogen gases are formed. In the retort. a coal remains which 
affords traces of phosphates of lime and soda. . 

The mass of brain, as appears from the experiments of Vauque- 
lin, is composed, therefore, of 1st, two fatty matters^ which are 
probably identical; 2dly, albumen; 3dly, osraazome; 4thly, different 
salts; and, among others, phosphates of potash, lime, and magne- 
sia, and a little common salt; Sthly, phosphorus; 6thly, sulphur. 
The following is to be considered merely as an approximation to 
their proportions. 

1. Water ......... 80.00 

2. White fatty matter 4.53 

3. Red fatty matter 0.70 

4 Albumen 7.00 

5. Osmazome 1.1^ 

6. Phosphorus ...;.. • 1.50 

7. Acids, salts, and sulphur . . • 5.15 

100. 
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EXPERIMENTAL CHEMISTRY. 



PART II. 

aiRECriONS FOR EXAMININK MINE] 



CHAPTER I. 



MINERAL WATEH&. 



The complete and accurate analysis of mineral waters, and of 
mineral bodies in general, is one of the most difficult subjects of 
chemical manipulation, and requires a very extensive acquaintance 
with the properties and habitudes of a numerous class of substances. 
Long and attentive study of the science ia therefore essential to 
qualify any. one for undertaking exact and minute determinations 
of the proportion of the component parts of bodies. Such minute- 
ness, however, is scarcely ever required in the experiments that 
are subservient to the ordinary purposes of life; a general know- 
ledge of tlie composition of bodies being sufficient to assist in 
directing the most useful applications of them. I shall not attempt) 
therefore, to lay down rules for accurate analysis, but shsll only 
describe such experiments as arc suited to atford an insight into 
the kind, but not to decide the exact proportion, of the constitu- 
ent principles of natural waters, and of mineral substances in ge- 
neral. 

Before proceeding to the analysis of a water, it is proper to in- 
quire into its natural history, and to examine attentively its physi- 
cal characters. The nature of the strata in the neighbourhood of 
the spring, will often furnish useful suggestions respecting the 
contents of the water; the period of the year should be staled at 
which the analysis was performedi and whether after a rainy or 
dry season. The temperature of the water must be carefully ob- 
served, as it issues from the spring; and the quantity inquired into, 
ivhich it yields in a given time. The sensible qualities of taste, 
Vol- II.— Q q 
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smell, degree of iranspar^ncy, Sec. sre also best ascertained <<^^^| 
fountahi-head. The specific gravity of the water may be founi^^^l 
weighing a bottle, which is capable of containing a known weigltt 
of tiistilled water, at a certain temperatme, filled with ihe water, 
under examination, at the same temperature. It is proper, also, to 
^^ examine, on the spot, Ihe channel through which ihc water has 
^^L flowed; to collect any deposit that may have been formed; and to 
^^B Inveatigale its' nature. 

^^F' The effects of heat on ihe water may be next fietl. Many wa- 

^^ ters lose iheir transparency when their tempci'ature is raised, and 
let fall a considerable deposit. The quality of thia may. in some 
degree, be conjectured from its appearance. If its colour be brown- 
ish yellow, it consists, eithe^ wholly or chiefly, of oside of iron; if 
while, or nearly white, it is composed principally of the carbonate 
of lime or magnesia. A i^incral water, containing iron, deposits 
that metal also, when exposed to the atmosphere; and a thin pelli- 
tie forms on' its surface, whether stagnant in a natural reservoir, 
or collected in a separate voasel. By this exposure, iron may be 
sometimca discovered in a water, though not easily detected at 
lirst; because it becomes farther oxidized, and more sensible 10 the 
action of tests. Sulphureled liydrogenoua waters deposit a » 
ment, even when preserved in a welUcloscit phial; the hydra 
quilting the sulphur, which settles in the form of a white poll 
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Water is never presented by nature in a state of complete pu- 
rity. Even when collected as it descends in the form of rain, che- 
mical tests detect in it a minute proportion of foreign ingredients. 
And when it has been absorbed by the earth, has traversed its dif- 
ferent strata, and is returned to us by springs, it is (bund to have 
acquired various impregnations. The readiest method of judging 
of the contents of natural waters, is by applying what are termed 
tests, or reagents; i. e. substances which on being added to a water, 
exhibit, by the phenomena they produce, the nature of the saline, 
or other ingredients. For example, if, on adding infusion of litmuK 
to any water, its colour is changed to red, we infer, that the water 
contains an unconibined acid: if this change ensues, even after the 
water has been boiled, we judge that the acid is a fixed, and not a 
vola^le one! and if, on adding the muriated barytes, a precipitate 
falls down, we safely conclude that the peculiar acid; present in the 
watcB, is either entirely or in part, the sulphuric acid. I shall first 
enumerate the tests generally employed in •xaminlng waters, and 
describe their application; and, afterwords, point out by what par- 
ticular tests the substances, generally found in waters, may be de 
lecled. 



OF ir^ysitj. 

In many instances, however, a mineral waLei- may coutain a 
tine, or other ingredient, but in soch small quaiiiity as lo escape 
discovery by tests. It is therefore advisable to apply tl\e testa ol 
fixed substances to the water, after reducing its bulk one half, or 
in some cases considerably more, by evaporation, as well as in its 
natural state. 

The use of tents, or rc-agents, has been employed by Mr. Kir- 
wan to ascertain by a careful examination of the precipitate not J 
onty llie tind, but the quantiiy, of the ingredients of mineral wa- J 
lers. This will be best understood from an example. It is an eslaV 
llshed fact, that IDD parts of crytallized muriate of soda, when 
completely decomposed by nitrate of silver, yield, as nearly as pas- 
sible, 240 of precipitated muriate of silver. From the weight of the 
precipitate, separated by nitrate of silver from a given quantity of 
any water, it is therefore easy, when no other muriatic salt is prc- 
luriate of soda was contained in tbe 
IS of muriated silver iniiicate, pretty 
salt. The same mode of 
ler instances; and the rule 
far each individual case will be stated in the following dcscriptiou 
of the use of the vai-ioiis re-agents. 

For the analysis of mineral waters, and of mineral bodies in 
general, testa of the utmost purity are required. It will be found 
extremely useful to keep the three mineral acids, the alkalies, and 
the alkaline carbonates, in a liquid form, and of such strength, that 
one measure of the one will neutralize either one measure, or some 
simple multiple of one, of the other. The advantage, thus obtained, 
i^, that when it is netcssary to precipitate a substance, held in so- 



sent, to infer what quantity of m 
water; since every hundred grair 
accurately, 41 j of crystallized c 
estimation may be applied ii 






1 by an acid, we can take just the quantity of alkali 
lor the purpose; a precaution of great use in all cases, w 
substance to be precipitated is re-dhsolvcd by adding an excess of 
tlie precipitant; as happens, for instance, with respect to alumine. 
It is of no consequence of what precise strength these ■ ' ' 
are; but the following will be found of convenient dei 
(hough perhaps the numbers may require a little cor 
^me instances, yet they are sufficiently accurate for tlic purpose ' 
e intended to serve. 



SSulphuric acid . 
'Nitric acid . . 


. 1.135 . 


. 1 . 


. 15.7 gr. real 


. 1.143 . 


1 . 


. 23.37 gr. do. 


Muriatic acid . 


. 1.074 . 


. 1 . 


. 11.89 gr. do. 


•potash .... 


. 1.100 . 


. 2 , 


9.3 gr. do. 


JSoda .... 


. I.OTO . 


. 3 . 


6.1 gr. do. 


•Ammonia . . 


. 0.970 . 


. 1 




'fiubcarb. potash 


. 1.248 . 


. ! . 


. 31. gr.drf 


wda . 


. I.IIO . 


. 9 . 


. ll.s gr.dr? 




. 1.W46 . 
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The fir«t column of the forej^oing Table expresses the s 
gravity of the liquid tesl; the second, the number uf meas 
each required for saturating any of the others; and the third, fl 
number of grains of real aciil, real alkali, or solid carbonate, in 
100 measures of solution, each measure being equal to a g^rain of 
water. From the last column, and with the aid of the Scale qfrqid' 
vatenta, it is easy to calculate how much any other test, of known 
composition, is required for decomposing 100 water grain mea- 
sures of any of the solutions in the Table. Thus 15.7 groins of 
real sulphuric acid will be found, by Dr. Wollaston's scale, to be 
capable of decomposing 41.3 grains of dry muriate of barytes 
(equal to 48 of the crystallized muriate.) It may be adviseahle, 
therefore; to keep a solution of muriate of barytes, of such strength, 
that 400 water grain measures may contain 48 grains uf the crys- 
tals; in which state the solution will be more convenient for use, 
than if it were stronger. The same plan may be extended to 
other tests, the quantities of which may thus be accurately adjust- 
ed to the purpose intended to be answered. Indeed, it would 
contribute very much to accuracy, as well as to economy, if atl tike 
chemical solutions, kept for purposes of research, had their spepi- 
iic gravity, and the proportion of tl)eir ingredient in a real or aaKd 
state, marked on the labels of the bottles containing thctn, — a 
practice of which I have long experienced the advantages. 

When filters of paper are used for collecting precipitates, great 
caution is necessary that their weight should be the same, before 
and after the experiment. Even during the time of weighing, they 
acquire moisture from the atmosphere; and it is therefore neces- 
sary, before taking their weight correcdy, to obtain an approxima- 
tion to it; afler which, the paper being again dried, less time is oc- 
cupied in detcrmiuing it within the fraction of a grain. The un- 
sized paper, which accompanies Mr. Watt's copying machtneij 
answers the purpose extremely well. It is this which was always 
employed by Berzelius, whenever he used fillers at all; but their 
use, when the nature of the precipitate admits, he thinks shooM 
be avoided.* I am not inclined, however, to coincide in his rejec- 
tion of filters, and am of opinion that, when they are carefully and 
skilfully used, there is no better way of collecting and drying pre- 
cipitates. In order to wash away, completely, all soluble matter, 
a stream of distilled water should be directed upon the edge g* 
the paper, when laid in the funnel, either from a dropping tube ' 
from the bottle, fig. 2S, a. ~ 



1.—Inftiiion cf Litmus. Syrv/i <if Violets^ l^Tc. 
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The infiision of litmus is prepared by steeping this substaHclei 
first bruised in a mortar, and tied up in a linen rag, iu djatille) 
water, which extracts its blue colour. _ -^ 

• 18 Anaales de Chimie, 31 . "»• 
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no more must be addcii than is barely sufficient, lest the delicai;/ 
of the test should be impaired. 

The syrup of violets is not easily obtained pure. The genuine 
syrup may be distinguished from the spurious by a solution of 
corrosive sublimate, which changes the former to green, while it 
■ reddens the latter. When it can be procured genuine, it is an ex- 
cellent test of acids, and may be employed in the same manner as 
the infusion of litmus. It indicates, also, the presence of alkalies, 
which turn it green. 

Paper stained with the juice of the March violet, or with that of 
the scrapings of radishes, answers a similar purpose; being turned 
red by acids, and green by alkalies. In staining paper Ibr the 
purpose of a test; the paper must be used imsizerf; or, if sized, it 
juust previously be well washed with warm water; because the 
alum, which enters into the composition of the size, will otherwise 
change the vegetable colour to red. 

In the Philosophical Magazine, vol. i. page 180, may be found 
Aome recipes for other test liquors, invented by Mr. Watt. 

Infusion of litmus is a test of most uncombined acids. 

I. If the infusion redden the unboiled, but not the boiled water, 
under examination; or, if the red colour, occasioned by adding the 
infusion to a recent water, return to blue, on boiling; we may infer, 
that the acid is a volatile one, and moat probably the carbonic acid. 
Sulphureted hydrogen gas, dissolved in water, also reddens litmus, 
but not after boiling; and its presence is easily discovered by its 
OfTensive smell. 

' To ascertain whether the change be produced by carbonic acid 
or by sulphureted hydrogen, when experiment shows that the red- 
dening cause is volatile, add a little lime-water, or, in preference, 
I Wrylic water. This, if carbonic acid be present, will occasion a 
' precipitate, which will dissolve, with effervescence, on adding a 
little muriatic acid. Sulphureted hydrogen may also be contained, 
along with carbonic acid, in the same water; which will be deter- 
mined by the tests hereafter to be described. 

In some cases, when the change of colour is so slight as to be 

scarcely perceptible, it may be proper to use half a pint or more 

I of the water which we are jexamining, and to mix it with the infu- 

Irion of litmus in a broad shallow glass vessel, set on a sheet of white 
paper; using for the sake of comparison a similar vessel of distilled 
water, coloured by an equal quantity of the litmus infusion. 

3 Paper tinged with litmus is also reddened by the presence of 
carbonic acid, but regains its blue colour on drying. The mineral 
and fixed acids redden it permanently. That these acids, however, 
may produce their effect, it is necessary that they should be pit- 
aent in a sufficient proportion.* The dark blue paper, which i^ 

* See Kirtran on Mineral Watew, pa^e 4a 



generally wrapped round loaves of refined sugart U n 

cd by carbonic acid or sulphureted hydrogen, but only bjH 

stronger acids. 

II. tnfutinn of J.iti"Xi» reddened by Fintgar, — S/iiTitaoti9^ 
lure of Briizit-wood, — Tincture of Turmeric, and /"after tS 
rd viil/i eav/t if lliesc t/iree Subnances, — Mid Tincture ofO 
bage, — Syrv/i ((/" Violets. 

Alt these (tiiTereul tests have one and the sitme object. 

1. Iniiision of litmus reddened by vinegar, or liimus piiper red- 
dened by vinegar, has its blue colour restored by pure alkaUet 
and pure earths, nnil by carbonated alkaliei> and earths. 

3. Tui-nieric paper and tincture are changed to a reddish brown 
by alkalies, whether pure or carbonated, and l>y pure earths, but 
not by carbonated earths. Dr. Bostock finds that it is obviously 
affected by a solution, contuning only one 2000lh of its weight w 
potash. 

3. The red infusion of BraziUwood and paper stained with iti 
become blue by alkalies and earths, and even by the latter when 
dissolved by an excess of carbonic acid. In the last mentioned 
case, however, the change will either cease to appear, or will be 
tnuch less remarkable, when the water has been boded. 

4. Infusion of the leaves of red cabbage in very t]ilutc stilphtirir 
scid has a red colour, which is rendered blue by alkalies, when 
added in quantity just sufficient to neutralize the acid. He^cetif 
the infusion be made with a known <|uantily of acid, it becomes a 
test of the quantity of alkali in any solution. As it i* apt to ttpoll 
by keeping, it should be prepared fresh when wanted, froui the 
leaves dried carefully and preserved in corked vials. 

5. syrup of violets, when pure, is, by the same agents, turned 
green;* as is also paperstaincd with the juice of the violet, or wif^ 
the scrapings of radishes. J^H 

Wh— Tincture of Galls. *^^| 

Tincture of galls is the test generally employed for discovering 
Iron; uith all the combinations of which it produces a blacfc 
tinge more or less intense according to the quantity of iron. The 
iron, however, in order to be detected by this test, must be in ifae 
state of red oxiuc, or, if oxidized in a less degree, its effect will 
not be apparent, unless after standing some time in contact with 
llie air. By applying this test before and after evaporation, or 

* According to Mr. AcDum, syrup of violcl^i, which has lost its coloar by 
keeping, niay be restorad by agitalioo, during a few minutes, to cunlact 
with oxvfpii gas. In preference to tbc sjrap, Mr. DeGcroizillei recofrt- 
mend^ »s a tent the /!iCj(7i? of violets, prepared by adding commDn salt iDlfae 
exprcBsed juice, .^imales de CMmie, Ijtiii. 110; or Nicholson's Journal. 

xjr. ■:-!■:. 
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^^HKtig;) we may know whother thi 
^^Broic acid, or by a fixed add; I'or, 

1. ir it produce its effect before the application of heat, and not 
afterward, carbonic acid is the solvent. 

3. If after, as well as before, a mineral acid Jsthe solvent. 

13. If, by the boiling-, a yellowisfa powder be precipitated, and 
yet galls still coniinae to strike the water black, the iron, as often 
liappens, is dissolved both by carbonic acid and by a fixed acid. 
A neat mode of applying the gall-test was used by M. Klaproth, 
' in his analysis of the Carlsbad water; a slice of the gall-nut was 
suspended by a silkea thread in a large bottle of the recent water, 
and so small was the quantity of iron, that it could only be disco- 
vered in water fresh from the spring, by a slowly-formed and dark 
•cloud, surrounding the re-agent.* 

It has been remarked by Mr. R. Phillips, that the presence of 
carbonate of lime rather heigh|:en8 the colour produced by this 
lest, when the iron is at the minimum of oxidation; but that when 
the metal is in the state of per-oxidc, it diminishes the eflect so 
much, that a very minute quantity of iron may elude entirely the 
action of the lest, 

IV. — S-ulliHuric Mid. 

, Sulphuric acid discovers, by a slight effervescence, the pre- 
ai'bonic acid, whether uncombined or united with alkalies 
feartha. 

. If lime be present, whether pure or uncombined, ihe addi- 

of sulphuric acid occasions, after a few days, a white precipi- 

11 from a mineral water, which has been well boiled, the 

Ifition of sulphuric acid extricates sulphureted hydrogen gas, 

'. Westrumb infers the presence of hydro-sulphuret of lime. 

e, sulphate of lime is precipitated.! 
. Barytes is precipitated' instantly, in the form of a while 
Itrder. 
. Nitric and muriatic salts, in a dry state, or dissolved in very 
■, on adding sulphuric acid, add applying heat, are de- 
Hposed; Mid if a^stopper, moistened with solution of pure am- 
'"' , be held over the vessel, white clouds will appear. For 
juiahing whether nitric or muriatic acid be the cauae of thi* 
Bearance, rules will be given hereafter. 

\.—Mtrie and JVitrous Acids. 

'hese acids, if they occasion effervescence, give the same indi- 

ins as the sulphuric. The fuming red nitrous acid has been 

mmended as a test dialing uisbiil^ between hepatic waters that 

1 hydro sulphureC of potash, and those that contain only 

I * Klaprotb. vol. i. page STP. t Nicholon's Journal, sriii. 40, 
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sulphuretcd hydrogen gas. In the former case, a precipitat 
sues on adding nilroiis acid, and a very futid smell ariseaj ii 
lattert a slight cloudiness only appears, and the smell of tlie» 
becomes less disagreeable. If a water, after boiling, gives a j 
cipitale of sulphur, on adding nitrous acid, Wesiriunb c 
■ihat this is owing to hydro-sulpburet of lime. 

X'l. — 0^-alic Aeid and Oxalates. 

The oxalic acid is a most delicate test of lime, which it 
rates from all its combinations. 

1. If a water, which is precipitated by oxalic acid, beconie 
milky on adding a watery solution of carbonic acid, or by blowing 
air through jt from the lungs, by means of a quill or glass tube« 
we may infer, that pure lime (or baryles, which has never yet 
been found pure in water) is present. . 

2. If the oxalic acid occasion a precipitate before, but not after 
boilhig, t!ie lime is dissolved by an excess of carbonic acid. In 
this case, carbonate of lime is separated, by heating the water, in 
the form of a white sediment, or of a sediment tinged yellow by 
oxide of iron, when that metal is also present. 

3. If oxalic acid occasion a precipitate even after boiling, the 
solvent of the !ime is a fixed acid. A considerable excess of any 
nf the mineral acids, however, prevents the oxalic acid fion 
^throwing down a precipitate, even though lime be present; be- 
cause some acids decompose the oxalic, and others, dissolving tlie 
oxalate of lime, prevent it from appearing,* 

The oxalate of ammonia, or of potash (which may easily bo 
formed by saturating the respective carbonates of these alkalies 
with a solution of oxalic acid,) are not liable to the above objec- 
lioTi, and are preferable, as re-agents, to the uncombined acid. 
Yet even these oxalates fail to detect lime when greatly supersa- 
turated with muriatic or nitric acids; and, if such an excess be 
present, it must he nculi'alized, before adaing the test, with pure 
ammonia. A precipitation will then be produced. The presence 
of other earths in solution, along with lime, alsd impedes decom- 
position by oxalic acid and the oxalates. Thus a watery solution 
of sulphate of magm-sia and sulphate of lime is not precipitated by 
these tests. 

The quantity of lime contained in the precipitate may he itnown, 
by first cakinbg it with excess of air, which converts the oxalate 
into a carbonate; and by expelling from this last, its carbonic aud, 
by calcination, with a strong heat, in a covered crucible. Accord- 
ing to Dr. Marcet, 1 1 7 grains of sulphate of liir 
late of lime, dried at 160" Fahrenheit. The 
ammonia, that excellent anal^t finds, is in so 
by its property of precipitating the salts of iron. 

' See Kirnaa on Waters, pag-e 88 
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The fluatc of ammonia, recommended by Scheele, I find to be a 
most delicale test of lime. It may be prepared by adding carbo- 
nate of ammonia lo diluted fluoric acid, in. a leaden vessel, ob- 
serving that there be a small excess of acid. 




Vn.—Pure Alkatiet and Carbonated MkalU 

I. The pure fixed alkalies precipitate most of the earths sn4 
all the metals, whether dissolved by volatile ot' fixed menstrua, but 
only in certain states of dilution; for example, sulphate of alui 
may be present in water, in the proportion of four grains to SOU, 
without being discovered by pure ^xed alkalies) and if too much 
of the alkali be added to a more concentrated solution, the alu- 
miae is re-dissolved. If the alkali be perfectly free from carbonic 
acid, it docs Dot precipitate lime, sU'oiitites, or barytes, except 
when those earths are held in solution by carbonic acid in excess, 
and then in the state of carbonates. 

As the alkalies precipitate so many substances, it is evident that 
they cannot afford any very precise infonnalion, when employed 
3u re-agents. (I'rom the colour of the precipitate, at it approaches 
to a pure white, or recedes from it, an experienced eye will judge, 
that the precipitated earth contains less or more of metallic ad- 
taixturei and its precise comMsition must be ascertained by rules 
vrhich will presently be givertf 

3. Pure fixed alkaliei*also decompose all salts with basis of 
ammonia, which becomes evident by its smell (unless the salts arc 
dissolved in much water,} and also by the white fumes it exhibits 
-when a stopper, moistened with muriatic acid, is brought near. 

3. Carbonate] of potash and of soda have similar effects. 

4. Pure ammonia precipitates most of the earthy and all the 
metallic salts; but if quite pure, it does not precipitate lime, 
barytes, or stronlites, when held in solution by any acid, except 
the carbonic. It has this advantage as a precipitant of alumine, 
that it does not re-dissolve that eartb when added in excess. To 
any liquid that contains copper or nickel in a state of solution, it 
imparts a deep blue colour; the precipitated oxides of those metals 
being re-dissolved by an excess of the volatile alkali. 

5. Carbonate of ammonia has the same properties, except that 
it does not precipitate magnesia from its solutions at common 
temperatures. Hence, to ascertain whether this earth be present 
in any solution, add the carbonate of ammotvia till no farther pre- 
cipitation ensues; filter the liquor; raise it nearly lo 213" Fahren- 
heit; and then add pure ammonia- If any precipitation now occurs, 
we may infer the presence of magnesia. It must be acknowledged 
that zircon, yttria, and glucine, would escape discovery by this 
process; but tliey have n^ver yet been found in mineral waters; 
jUid their presence can scarcelv be expected. 

VoV.. II.— R r 
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V til. ~ Lime- li'aler. 

I. Lime-water is applied lo^lhe purposes of a test, chiefly for 
detecting carbonic acid. Let any liquor supposed to Contain this 
acid be mixed with an equal bulk of lime-water. If carbonic acid 
be present, either fi«e or combined, a precipitate will immediately 
appear, which, on adding a few drops of muriatic acid, will, again 
be dissolved with effervescence. 

B- Lims'Watcr v»il1 also show the presence of corrosive subli- 
ffiiteby a hricX-duat colourbd sediment. If arsenioiia acid (com- 
a\oa arsenic) be contained la a liquid, lime-water^ When ftddd, 
will accaaion a precipitate, cotisiating of lirtie and arsenouS acid, 
■which la very difficultly soluble in water. This precipitate, i 
mixed up With oil, and laid oft hot coals, yields the well4 
gftriic fimell of aisenic 

IX. — Pure Barytas, afid it» Solution in ^altt. 

1. A boluttdA of pufe bstjtes is CVen more effectual th»n liwti^ 
*«er iti fleteciing the presence of carbBnic acid, and is much uiort} 
pOHftbU* and convenient; since, from the crystals of this earth, Utt 
bsryt-Sc solution *nay at any time be immediately prepared. Iii4ia- 
«OverinR carbonic acid, the solutiotyjf barytes is used similarly to 
lime-water, and, if this acid be prflseiiwgives, in like manuert a 
precipitate soluble ^vit^ effefvescence iliTOHte muriatic acrdi 

S. The barytic solution is also a most sensible test of aulphvric 
acid and its «>mbiii«tiOns, which it indicates by a precipitate nol 
soluble in muriatic acid, Pure slrontites has similar effects a 
The quafttiiy ftfthc precipitated substance, indicated by the Wql 
of the precipitate, will be stated in No. XV. 



X.— -jTfefa/s. 






1. Of the mttats, silvef and mercury are tests of the preseucs 
of hydro-sulphuvets. wid of sulphureted hydrogen gas. If a little 
quicksilver be put into a bottl* containing water impregnated wilh 
either of these substances, its surface soon acquires a black film, 
and, on shaking th* bottle, a blackish powder separates from ii. 
Silver is speedily tarnished fey the same cause. 

%, The metals may bft iiscd also as tests of each other, on tlic 
principle of elective affinity. Thus, for example, a polished irob 
' plate, immersed in a solution of sulphate of copper, soon acquires 
a coat oflhis mtJtal; and the same in other similar examples, 

Xl.'^Sul/ihate 6/ Iron. 

This is the only one of the sulphates, except that of silver, f, 
cable to the purposes of a test. When used with this view,'i 




nerally employed for ascertaining the presence of ox}'gQti gns, of 
hich a nnlural water may conuin a small quaitiity. 
• A walei', suspected lo contain this gas, may be mixed with a lit- 
tle reeently-dissolvcd sulphate of iron, and kept corked up. in a 
phial completely filled by the mixture. If an oxide of iron be pre- 
cipitated in the course i^ a. few days, the water may be inferred lo 
11 oxygen gas. 



XII.- 



\iil]ihalc, JiTilrate, and Actlutc <^ Silve) 



These solutions are all in some measure applicable to siRtilaF 
purposes. 

1. They are peculiarly adapted to the discovery of muriatic acid 
and of muriates. For the silver, quitting its solvent, combines 
with the muriatic acid, and f^rms a flaky precipitate, which, at 
first, is white, but on exposure to the sun's light, acquires a biuiah, 
and finally a black colour. This precipitate, dried and fused by a. 
gentle heat, Dr. Black states to contain, in 1000 pans, as much 
-munaiic acid as would tbrm 4234 of crystallized muriate of soda, 
"Whicli ealimale scarcely differs at all from that of Klaproth. The 
■ame quantity of muriate of silver ( 1000 parts) indicates, according 
t& Kirwan, 454} of muriate ofpotnsh. Dr. Marcet's experiments 
and my own indicate a larger product of muriaie of silver fram the 
decomposition of dry muriate of soda, viz. not less than 340 grains 
from 100 of eammon salt. Hence 100 grains of fused muriate of 
silver denote 41.6 of muriate of soda, and about 19 grains of mu- 
riatic acid. A precipitation, howcter, may arise from other causeS} 
which it may be proper to state. 

3. The solutions of silver in acids ara precipitated by carbona- 
ted alkalies and earths. The agency of the alkalies anil earths may, 
however, be prevented, by previously saturating them with a few 
drops of the same acid in which the silver is dissolved. 

3. The nitrate and acetate of silver are decomposed by the sul- 
phuric and sulphurous acids; but this may be preve'nied by adding, 
previeusly, a few drops of nitrate or acetate of barytes, and, alter 
allowing the precipitate to subside, the clear liquor may be decant- 
ed, and the solution of silver added. Should a precipitation now 
take place, the presence of muriatic acidj or some ena of its com- 
binations, may be inferred. To remove uncertainty, whether a 
precipitation be owing 10 sulphuric or inuriatic acid, a solution of 
sulphate of silver may be employed in the first instance, which, 
when no uncombined alkali or earth is present, denotes with ccr- 
t«ijity the presence of the muriatic acid. According (o professor 
PfafT, one part of muriatic acid of the Gpecifie gravity, 1.15, diluted. 
with 70,000 parts of water, barely exhibits a slight opaline tinge, 
when tested with nitrate of silver; and, when diluted with BO,0QO 
parts of water, it is not aftccted at all." Mr. Meyer of Stettin a^- 






* Nich'rffiOH's Jniinial. i 
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signs, however, a mucli mi 
as a test of muriatic acid.* 

i. The solutions of silver are sJso piecipilated by sulptiureted 
hydrogen) and by hydro-sulp burets; but the precipitate ia then 
reddish, or brown or black; or it may be, at first, white, and after- 
wards become speedily brown or black. It is soluble, in great part, 
in dilute nitrous acid, which is not the case if occasioned by mu- 
riatic or sulphuric acid. 

5. The solutions of silver are precipitated by extractive matter; 
but, in this case, also, the precipitate has a dark colour, and 'uWT 
lublc in nitrous acid. 

Xm.—Mtrau and jfcetaic o/Lrad. 

1. Acetate of lead, the most eligible of these two teats, iif 
cipitated by sulphuric and muriatic acids; bnt, as of both thd 
have much better indicators, 1 do not enlarge on its applicadp 
this purpose. 

2. The acetate is also a test of sulphureted bydroBi 
hydro-sulphurcts of alkalies, which occasion a black precipitate; 
and, if a paper, on which charactcrK are traced with a solution of 
acetate of lead, be held over a portion of water containing sulphu- 
reted hydrogen gas, they are soon rendered visible; especially when 
the water is a little warmed. 

3. The acetate of lead is employed in the discovery of uncora- 
liined boracic acid, a very rare ingredient of watci's. To ascertain 
whether this be present, some cautions are necessary .fa) Thi 
combined alkalies and earths (if any be suspected) must be 
rated with acetic or acetous acid. (4) The sulphates must be de- 
composed by acetate or nitrate of barytes, and the muriates by ace- 
tate or nitrate of silver, The filtered liquor, if boracic acid be 
lained in it, will continue to give a precipitate, which is soluble^' 
nitric acid of the specific gravity l,o. 

4. Acetate of lead is said, also, by Pfaff, to be a very dt 
lest of carbonic acid; and thai it renders milky 
tains the smallest possible Quantity of this acid, 



XIV.- 



r o/Mcrcury prefiared laith and without Hear. 



This solution, differently prepared, is sometimes employed as a 
test. 

I. The solution of nitrate of mercury, prepared without heat,f 
has been found by Pfaff to be a much more sensible test of muria- 
tic acid than nitrate of silver. Its sensibility, indeed, is so great, 
that one part of muriatic acid, of the specific gravity 1 .50, diluted 
with 300,000 parts of water, is indicated by a slightly dull lint en- 
suing on the addition of the test. ^ 




3. It is, at the same time, the most Bcnaiblc lest of ammonia, 
one pari of which, with 30,000 parts of w«ier, is indicated by a 
slight blackish yellow tint, oq adding the niiraic of mercury • 

3. The nitrate of mercury is also precipitated by highly diluted 
phosphoric acid; but the precipitate is soluble in an excess of phos- 
phoric or nitric acid, which is not the case if it has been occasion- 
ed by muriatic acid. 

XV. — Afuriare, A'Uratc, and Acclatc uf Barytrs. 

1. These solutions are all most delicate lests of sulphuric acid 
and of its combinations, with which they give a white precipitate, 
insoluble in dilute muriatic acid. They arc decomposed, how- 
ever, by alkaline carbonates; but the precipitate thus occasioned is 
soluble in dilute muriatic or nitric acid, witli effen'cacence, and 
may even be prevented by adding, previously, a few drops of the 
same acid as that contained in the barytic salt, which is employed. 

One hundred grains of dry sulphate of baryies contain {accoi^- 
ingto Klaproth, vol. i. p. 168) about 45] of sulphuric acid of the 
specific gravity 1850; according to Claryiicld (Nicholson's Jotir- 
mI, 4to. iiL38), 33 of acid, of the specific graviiy22W; according 
to Thenard, after colcination, about 2S; and, according to Mr. 
Ktrwan, after ignition, 23.5 of real acid. The same chemist states, 
that ITO grains of ignited sulphate of barytea denote 100 of dried 
sulphate of soda; while 1 36.. 16 of the same substance indicate 100 
of dry sulphate of potash; and 100 parts result from the precipita- 
tion of 52. 1 1 of sulphate of magnesia. 

From Klaproth's experiments, it appears, that 1000, grains of 
sulphate of bai-ytes indicate 595 of desiccated sulphate of soda, 
or U16 of the crystallized salt. The same chemist has shown, 
that 100 grains of sulphate of baiytes are produced by the pre- 
cipitation of 71 grains of sulphate of lime, of ordinary dr)Tiess, 
The results of my own espcriments are stated in vol. i, page 350. 
From these it follows, that 100 grains of ignited sulphate of barytes 
denote 57 of calcined sulphate of lime; or 73 of the same sul- 
phate, dried by a temperature of only 160" Fahrenheit. Desicca- 
ted sulphate of magnesia, when decomposed by muriate of barytes, 
affords twice its weight of the barytic sulphate. 

2. Phosphoric salts occasion a precipitate also, which is soluble 
c acid without effervescence. 
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XVI.— 7Vi7i/*or FerrO'Prutiiatea of Pouuh and of Lime. 

Of these two, the prussiate of potash is the most eligible. When 
pure, it does not speedily resume a blue colour on the addition of 
an acid, nor does it immediaidy precipitate muriate of barytes. 

Prussiate of potash is a very sensible tcstof ironj with the solu- 

■^ PaiBSure. Thomson'a Anna>. vi. -no. 
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tions of which in acids it produces a prussiim blue prccipHi 

eonaequcncc of a doiifele eieclive affinity. To render it« <_ 

more cerlaini however, it may be proper to add, previouslytloadlp 
water *u»pecCecl to contain iron, a little muriatic acid, with » view 
to the satiii'iition of uncombincd alkalies or earths, whlcb, if prci 
sent, prevent the detection of very minute quantities of iron. 

I. If a water, after boiling and fdtration, does not afford a. bine 
precipitate, on the addition of prussiate of potash, the solvent of 
the iron may be inferred to be a volatile one, and probably thecMF' 
bonic acid. 

S. Should the precipitation ensue in the boiled water, Die sol- 
vent is a fixed acid, the nature of which roust be ascertained by 
other tests. 

Doubts had been thrown, by several chemical writers, on the 
fitness of the fcrro-prussiate of potash fordaterminjngihe^nnnfrry 
of iron in solutions of that metal. Hut Mr. Porrett, in hi* aW« 
inquiry into the nature of the triple prussiatcs, has shown that, 
with certain precautions, the fcrro-prussiate of potash is fully ade- 
quate lo this purpose.* It is necessary to observe, 

1st. That if the fcrrn-prussjate, after being dissolved in water, 
gives, immediately, a blue precipitate by the addition ofniurifttic 
acid, it is not pure, and will afford a fallacious result. 

3dly. That if the salt, however pure, he added, in fxcega, to ■ 
solution of iron caniaining an cxceat of acid, and then heated, the 
prusuan hlue thrown down will weigh more than it ought; because 
some is furnished by the decomposition of the ferro-prussic acid, 
contained in that part of the salt, which has been added in excess. 

3dly. That prussian blue, even after it has been formed, is ma- 
terially acted upon by a mixture of nitric and muriatic acids, and 
in some degree, by the muriatic acid alone at a boiling heat. 

4thly, That prussian blue, when precipitated, often carries with 
it sulphate of potash, derived from the liquid from which it is 
thrown down; and that this sulphate adheres to it so obstinately, 
»hat several washings with water, acidulated with sulphuric acid, 
arc necessary to detach it. 

Sthly. That if the solution, lo which the test is applied, contain 
not only iron, but alumine, oxide of copper, or any other subatancci 
which the lest is known to precipitate, ihat substance should be 
removed, by the usual means, previously to the application of the 
test. 

Suppose then, for csample, that we have bavytes, alumine, ipag- 
nesia, and oxides of iron and copper, in a state of solution by nitro- 
murialic acid. The solution, if not already neutral, may 6rsl bo 
rendered so by the cautious addition of B.mmonia. The barytlc 
lalt Tctvf next b« decomposed by a solution of sniplialc of soda^ 
added til! it ceases to occasion a precipitate. -Ammonia, added to 
fk» residuary liquor, throws down the other earths and oxides, and 

*Phll. Trans. 1814, p. 3311. 
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an excess of it will re-dissolve the oxide of copper. From ihe in- 
soluble pan, consisting of alumine, magnesia, and oxide of iron, 
aolutiun of pure poiash will remove the alumine. The oxide of 
iron and magnesia may then be re^issolved in any suitable acid; 
and, to the solution, neHtralized, or nearly so, by ammonia, if ne- 
cessary, tlie ferro-prussiate may be poured, till it ceases to pro- 
duce any eflfect, taliing care to atid as little excess as possible. 
'iTie precipitate washed, dried at a steam heat, and weighed, nil! 
lltdicateiD every lOO grains, 34.235 grains of peroxide of iron. 

Besides iron, the pnissiatetl alkalies also precipitate muriate of 
alumine. No conclusion, therefore can be deduced, respecting 
the non-existence of muriate of alumine, from any process, in 
which the pruaaic test has previously been used. It will, there- 
fel-c, be proper, if a salt of alumine be indicated by other tests, to 
examine the precipitate affected by prussiate of poiash. This may 
be done by repeatedly boiling it to dryness with muriatic acid, 
*Mch takes up the alumine, and leaves the prussiate of iron. 
From the muriatic solutimi, the alumine may be precipitated by a 
solution of carbonate of potash. * 

According to Klaproth (ii. 55), solutions of yttra (which earth, 
however is not likely to be present in anj' mineral -water) afford, 
with the pniasian test, a white precipitate, passing to pearl-grey, 
which consist of prussiate of ytiria. This precipitate disappears 
on adding an acid, and hence may be separated Tram pritssiatcd 
iron. The same accurate chemist states, that the .pruarian lest 
has no aetion on salts witii base of glucine (ii. 55); but that it pre- 
cipitates zircon from its solutions (ii. 214.) 

The pnissiated alkalies dec^pose, also, all metallic solutions 
excepting those of gold, platinum, irldinm, rhodium, osmium, and 
antimony. 

XVII.-— Surcfno(ff of Soda, and qf AmmanUi. 

I. The succinate of soda was first recommended by Gehlen, 
and afterwards employed by Klaproth (Contributions, ii. 48,) for 
the discovery and separation of iron. The salt with base of am- 
monia has also been used for a similar purpose by Dr, Marcet, 
physician to Guy's Hospital, in a skilful analysis of the Brighton 
chalybeate, which is published in the new edition of Dr. Saunder's 
Treatise on Mineral Waters. 

The succinic test is prepared by slightly super-saturating car- 
bonate of soda or ammonia with succinic acid. In applying the ' 
test, it is necessary not to use more than is sufficient for the pur- 
pose; because an excess of it re-dissolves the precipitate. Tho 
best mode of proceeding is to heat the solution containing iron, 
and to add gradually the solution of succinate, until it ceases to 
produce any tubidness. A brownish precipitate is obtained, con- 
sisting of succinate of iron. This, when calcined with a little wax, 
in a low red heal, gives an oxide of iron, containing about 70 /icp J 
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•od 62 of ilesiccittcd, or double that quantity of crysituliizcd, sul> 
pttHte ormagnesU. If, iniiiead of drying the pi-ecipttale at a genUa 
hcBl, we calcine it, we may then reckon the calcined pliosphnte of 1 
magnesia to indicate, in every hundred grains, 38.3 of magnesia, 
or tu be equivalent to 2'26 grains of the crystallized sulphate of 
that earth. ^ • 

XX.— jt/uria/tf <M.ime. 

Muriate of time is principally of use in discovcringlhe presence 
of alkaline carbonates, which, though they very rarely occur, have 
sometimes been found in mineral waters. Carbonate of potash 
exists in the waters of A ix -la-Chap die; that of soda, in the water 
of B few springs and lakes; and the ammoniacal carbonate was de- 
tected by Mr. Cavendish in the waters of Rathbone-placc. Of all 
the three carbonates, muriate of lime is a sufiicient indicator; for 
those salts separate from it a carbonate of lime, soluble with effer- 
vescence in muriatic acid. 

With respect to the discrimination of the diflerent alkalies, pot- 
ash may be detected by the nitro-muriate of platinum, which dis- 
tinctly and immediately precipitates its compounds, ^d is not 
aifccted by soda. Carbonate of ammonia may be discovered by 
its smell; and by its precipitating a neutral salt of alimiine, while 
it has nil action apparently on magnesian salts. 

XXI. — Solttlion tjf Soafi in Aleohol. 

This solution may be employed ti 
hardness of waters. With distilled i 
out any change ensuing; but if added 
a milkuiess, more considerable as the 
the degree of this milkiness, an experienced eye will derive 
tolerable indication of the quahty of the water. This efiect is 
owing to the alkali quitting the oil, whenever there is present in 
a water any substance, for which the alkali has a stronger affinity 
than it has for oil. Thus all uncombincd acids, and all salts with 

^■hnhy and metallic bases, decompose soap, and occasion that pro- 

^^Kty^ in waters which is termed hardness. 

^EkoI 
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the comparaUve 

it may be mixed, with- 

hard water, it produces 

is less pure; and, from 



ihol, when mixed with any water, in the proportion of about 
equal bulk, precipitates all the salts which it is incapable o( 
living, (Sec Kirwan on Waters, page 163.) 



yiWll^—HydTO-SulfihUTet qfJmm 



■ This anil other snlphurets, as well as water saturated with tul 
phuretcd hydrogen, may be employed in detecung lead and arsc' 
Vol. !!.— S s 
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nic; with the former of wtiich ihey give a bUck, and with the latter 
a. yellowish precipitate. As lead and arsenic, however, arc never 
found in natural waters, I shall resene, for another occasion, what 
J have to saj of the appltcaiioD of these tests. 

• TABLE, 

SAoiuing the Subitaneet tim may be exfteeitd in Mineral XVatcrt, 
and the Means of detecting them. 

Acids in general. Infusion of litmus. — Syrup of violets, I 

Acid, ioracic. Acetate of lead, XIII. 3. 

Acid, carbonic. Infusion of litmus, I. 1, 2. — Lime-water, 
L—Barytic water, IX. I. 

Acid, muriatic. Nitrate and acetate of silver, XII. 
of mercury, XIV. 

Acid, nitric. Sulphuric acid, IV. 4. 

Acid, {jhos/thoric. Solutions of barytcs, XV. 2. 3 
mercury, XIV. 3, 

Acid, aulfihuTBua. By its smell, — and destroying the coti 
litmus, and of infusion of red rosea: — by the ._ 

smeli a few hours after the addition of the black oxide of manga- 
nese. 

Acid, eulfihurie. Solution of pure barytes, IX- Baryti 
XV. Acetate of lead, XII. 

Alkalies in general. Vegetable colours, II. Muriate of 

Alumine ditaol-ved by acids. Succinates, XVII. 

Ammonia, by its smell, and tests, II. Nitrate of mi 
XIV. 3. 

Barytes, and its com/iounde, by sulphuric acid, IV. 

Carionatea in general. Effervesce on adding acids. 

£artha dinsotved by carbonic acid. By a prcclpicalian o 
ingl^jy pure alkalies, VII. Solution of soap, XXI. 

Hydro-Bulfikuret of lime. Sulphuric acid, IV. Nitrous acid, V. 

Iran dissolved by carbonic acid Tincture of galls, 111. I, 
PruBsiate of potash, XVI. I. Succinate of ammonia, XVII. Ben- 
Zoate of ammonia, XVIIl. 

Iron dissolved by Sulfihuric acid. Same tests. III. 3. XVI. 2. 
XVII. 

Lime in a pure state. Water Gaturated with carbonic acid. 
Blowing air from the lungs. Oicalic acid, VI. 

Lime dissolved by carbonic acid. Precipitation on boiling.— 
Caustic alkalies, VII. Oxalic acid, VI, 

Lime dissolved by sulphuric acid. Oxalate of ammonia, VI. 
Barytic solutions, IX. and XV. 

Magnesia dissolved by carbonic acid. Precipitation < 
iag, — the precipitate soluble in dilute sulphuric «dd. 
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Magnc'ia tUtnolved by tulitr acids. Precipitated bf pure ai 
nonU, not by the carbonate, VII. 5. Phusphate of saclft) XIX. 

Alurialifa af alkalies. Solutions of silver, Xll. 

■ of lime. Solutions of silver, Xll. Oxalic acid and 
oxaJaieof ammonia, VI. 

Sulfihiiifs m general. Barytic soluliona, IX- ant! XV, Acetate 
of lead, XIH. 

_ Sulfiliaie afAluminf. Barytic solutions, IX. antl XV. A pro- 
cipitiLte by carbonate of ammonia not soluble in acelous aciil, but 
soluble in pure fixed alkalies by boiling. Succinates, XVK. 3. 

Sulfiliaie of lime. Barytic solutions, IXl and XV. OKalic acid* 
and oxalates, VI. A precipitate by alkalies not soluble in diluts 
nilphuric acid. 

Sul/ihurels ofatkaliev. Polished metals X. Smell on ftdding 
sulphuric or muriatic acid. Nitrous acid, V. 

Stiltihureled hydmgrii i^an. By its smell. Infusion of litmus, I. 
Polished metals, X. Acetate of lead, XIII. 2.' 



SECTION II. 
Analyait qf IValer» by Evaftoralion. 

Befohu proceeding to the evaporation of any natural naler,ttfi 
gaseous contents must be collected This may be done by iiliin({ 
with the water a large glass globe or bottle, capable of holding 
about 50 cubical inches, and furnished with a ground stopper and 
bent tube. The bottle is to be placed, up to its neck, in a tin kettle 
filled with a saturated solution of coninvn salt, which must be kept 
bolting for an hour or two, renewing, by fresh portions of hot wa- 
ter, what is lost by evaporation. The disengaged gas is to be con* 
v£yed, by the bent tube, into a graduated jar, Glled with, and in^ 
verted in, mercury, where its bul^. is to be determined. On thS 
first impression of the heat, however, the water will itself be cx« 
^nded, and portions will continue to escape into the graduated 
jar, till the water has attained its maximum of temperature. This 
portion must be measured, and its quantity be deducted from thai 
of the water submitted to experiment. 

In determining, with precision, the quantity of gas, it is neces- 
sary to attend to the state of the barometei' and thermometer, and 
to other circumstances already enumerated, vol. i. page 137. Rules 
for reducing observations made under dilfcreni slates of the ba- 
rometer and thermometer, to a mcitn standard, will be given in the 
Appendix. If a considerable proportion of gas be contained in a 

* The vaponr of puCrefyiDf aniinal or vegetable matter dtiBOhed in water. 
^fxajAiag to Klaprolh, vol. *- p'SnOi'ofleB gives a HeAeplir'i ' '' '' 

aulpliureled hvilrogen. 
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mineral vatcr, the most commodious method of receiving il 
to a small gasometer. 

The gases, most commonly found in miacral waterst are raai| 
acid; sulphuretfd hydrogen; nitrogtn gaa; oxyg-engat; ancl,4^ 
neighbourhood of volcanoes only, suZ/i/iurrttis acid gas. 

To determine the proportion of the gases, constituting a mts* 
ture obtained from any mineral water in the foregoing manner, the 
following experiments may be made. If the use of re-agents has 
not delected the presence of suiphurelcd hydrogeti, and there is 
reason to believe, from the same evidence, that carbonic acid forms 
a pan of the mixture, let a graduated tiibu be neai-ly filled with it 
over quicksilver. Pass, up a small portion of solution of potash, 
and agitate this in contact with the gas. The amount of the dimi- 
nution will show how much carbonic acid has been absorbed) and, 
if the quantity submitted to eKperimcnt was an aliquot part of the 
whole gas obtained. It is easy to infer the total quantity present in 
the water. The unabsorliable residuum consists, most probablj't 
of oxygen and azotic gases; and the proportion of these two i* 
best learned by the use of Dr. Hope's eudiometev. (See vol. 1. 
page 152.) 

IFsulphureted hydrogen be present, along with carbonic acid. 
the separation of these two is a problem of some difficulty, ^r. 
Kirwan recommends that a. graduated glass vessel,. completely fill* 
ed with the mixture, be removed into a vessel containing nitrous 
acid. This instantly condenses the sulphurcted hydrogen, but not 
tlie carbonic acid gas. 1 apprehend, however, that a more eligible 
mode will be found to be, the condensation of the sulphurcted hy- 
drogen by oxymuriattc acid gas (obtained from muriatic acid and 
hyper-oxymuriate of potash;) adding the latter gas very cautiously) 
as long as it produces any condensation. Or, perhaps a better pbui 
of effecttng the separation will be the following! Half fill a grada- 
Bted phial with the mixed carbonic acid and sulphurcted hydrog«n 
gases, and expel the rest of the water by oxymuriatic acid gas- 
Let the mouth of the bottle be then closed with a well-groahii 
stopper, and let the mixture be kept twenty-four hours. Thei( 
withdraw the stopper under water, a quantity of which fluid will 
immediately rush in, Allow the bottle to stand half an hour with- 
out agitation. The redundant oxymuriatic acid gas will thus he 
absorbed; and very little of the carbonic acid will disappear. Sup- 
posing that, to ten cubic inches of the mixed gases, ten inches of 
oxymuriatic gas have been added, and that, after absorption fay 
standing over water, five inches remain; the result of this experi- 
ment shows, that tibe mixture consisted of equal parts of sulphurc- 
ted hydrogen -and carbonic acid gases. 

Mr. Westrumb ascertains the proportion of sulphurcted hydro- 
gen and carbonic acid gases, by the following method. He iniro- 
known quantity of the water under examination into a glass 
Tom which proceeds a curved tube, terminating in a long 
-, filled with lime-water. The gas is expelled by heat, and 
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the pt^cipitate collected. Every 30 grains indicate 10 cubic iiiches 
of carbonic acid. To determine The (|uantity orsulphureted hy- 
drogen, the same expeiiineiit is repented, aobstiiuting a soUitiori of 
super-acetate of lead. Hydra-aulpliurct of lead is formed, in the 
propDi-tion of 19 grains to 10 cubic inches of gas. This method* 
(oi* sevci-ul reasons which it would iLike too n>uch room to statCi i» '. 
perhnps inferior la the'One which I have just prupased. 

Whenever this complicated udmixlure of gases occurs, as in the 
ease of the I^Iairowgaierwatcr, it is advisable lo operate separately 
wiklwo portions of gas, with the view to dciermiiic, by the one, the 
quantity of carbonic acid and sulpliurcted hydrogen; and that of 
niti-ogen and oxygen by the other. In the latter instance, remove 
bwh the absorbable gases by cattsiic potasli; and examine the re- 
maiader in the tnannei: ah'eady directed 

Milfogen gas sometimes occurs in mineral waters, almost in an 
unmixed state. When this happens, the gas will be known hy the 
ciiaraciers already described as belonging to it, vol. i. p. 1 44. Sul- 
phurous acid gas may be detected by its peculiar smell of burning 
brimstone, and by its dischargingthe colour ofon infusion of roBes. 
^iiicb has been reddened hy tlie smallest Tjuantity of any raindrar ' 
acid adequate to the effect. 4 ^ 

The vessels employed for evapouatiok, should be of such ma-' 
teiials as are not likely to be acted on by ibc contents of the water; 
I prefer those of unglazed biscuit ware, made by Messrs. Wedge- 
(rood; but, as their surlace is not perfectly smooth, and the Arf. ' 
mass may adhere so strongly as not to be easily scraped nff, that 
vater, when reduced to about one tenth or less, may be transferred^ 
with any deposit that may have taken place, into a smaller vessel ' 
ftf'glass. Here let it be evaporated to dryness. 

(o) The dry mass, when collected and accm'ately weighed, is la 
be put into a bottle, and alcohol poitiedou it, lo the depth of an inch- 
After liaving stood a few hmirs, and been occasionally shaken, pour 
the whole on a filter, wash it with a liltio more altohul, and dry an4 . 
weigh the remainder. ' 

(65 To the imdissolved residue, add eight times its weight of . 
cold distilled water; shake the mixture frequently; and, after some 
lime, filter; ascertaining the loss of weight, 

(c) Boil the residuum, for a quarter of an iiour, in somev^hat 
more than 500 times its weight of water, and afterwards filter, ' _ 

(rf) The residue, which must be dried and weighed, is no longer j 
soluble in water or alcohol. If it has a brown colour, denoting tha 
presence of iron, let it be moistened with water, and exposedto the 
aun's rays for some weeks. ■', 

1. The solution in akohoi (a) may contain one or all of the fol- 
lowing salts: Muriates of lime, m.-igncsia, on barytes; or nilraces.of 
the same earths. Sometimes, also, theiulcohol may take up a sul- 
phate of iron, in which the metal is highly iu:idixed,as will appear 
from its reddish brown colour. 



t. In order lo discover the tiualily and q«aniity of (he i 
eats, evapuiatc lo drynees; weigh llie residuum; add above loUidtt 
weight of strong sulphuric acid; and apply a moderate licat. The 
muriatic or nitric acid will he expelled, and will be known by ijie 
colour of their fumes; the former being white, and the laiier orange 
coloured. 

3, To ascertain whoihor lime or ma^esia he the basis of Uie 
salts, let the heal be continued till no more fumes arise, and let it 
then be raised, to expel the escesa of sulphuric acid. To the Aty 
mass, add twice its weight of distilled water. This will take up 
the sulphate ol' magnesia, and leave the sulphate of lime. The 
two sulphates may be separately decomposed, by boiling vilh 
three or four times theirweight of carbonate of potash. Tlie oat^ 
bonatea of lime and magnesia, thus obtained, may be separatd^ 
dissolved in muriatic acid, and evaporated. The weight of Alie 
dry salts will inl'orni us how much of each the alcohol had taken 
up. Lime and magnesia may also be separated by the use of tbc 
phosphate of soda, applied in the manner already described in (ii'e 
preceding section. No- XIX. 

The presence of barytes, which is very rarely to be expected, 
may be known by a precipitation ensuing on adding sulphuric B«id 
tu a portion of the alcoholic solution, which ha& been diluted with 
SO or GO times its bulk of pure water. 

Some of iItc srUb obtained by the action of alcohol, it i^i supposed 
by GrottbusB, are actually formed by its operation. Sulphate of 
soda and muriate of magnesia, for e:<ample, when found in an alco^ 
holic solution, result, he imagines, from the mutual decompoaiiion 
«f sulphate of magnesia and mnriaie of soda." ' 

II. The watery solution (A) may contain a variety of sails. Vm 
icctirate separation of which from each olbcr is a problem of con- 
siderable difliculty. .1. 

1. The analysis of this solution maybe attempted by cryslnllixn^ 
lion. For this purpose let one half be evaporated by a very gentle 
iieat, not exceeding 80° or 90." Should any crystals appear on 
the surface of the solution, while hot, in the form of a pellicle, let 
ihem be sepai-aiert and dried on bibulous pnper. THese are mu- 
riate of soda or common salt. The remaining solution, on cool- 
ing very gradually, will, perhaps, afford crystals diatinguishableby 
their form and other qualities. When various salts, however, arc 
contained in tlie same solution) it is extremely diHieult to obtain 
them sufficiently distinct to ascertain their kind. 

3. The nature of the saline contents must, theT«forc, be cik- 
niined by tests, or re-agents. - i ■> 

The presence of an uncombined alkali will be discovered by tlie 
stained papers (p, 417, 4 IH,, and of acids by the tests (p. 416, 417;) 
The; vegetable alkali, or. potash, may be distinguished from tM 

' ■ r soda, by satut^tioif with sulphuric ucid, and cvapora- 

* Ann. de Chim. el Phya, iv. SBr,. 





tion to diTDCss; ihe sulphate of soda being much more toluhle tluii 
that of potHsh; oi', by super-saturalloii, mth the iRrtftruua acitli 
which gives a soluble salt with sutia, but not with potash. Muri- 
ate of platit^um, also, is an excellent test of potash ttnd its combliu- 
tions; for, with the stnalleat portion of this alkali* or any of its 
salts, it forms a distinct and immediate pradpitate: wliilc it la not 
at all affected by the mineral alkali or ila compounds. 

If neutral salts be pveseni in the solution, wc have to a«ccrtain 
both the nature of the acid and of the basis. This may be done 
by Bttenllor^ to the rules already given for the applicntion of tcctii, 
which it is unnecessary to repeat in this place. 

lil. The solution by boiling wnlei- contains scarcely any thinj 
beside sulphate of lime. 

IV. The residuum (rf) is to be digested In distilled vinegar, 
which takes up magnesia and lime, but leaves, undissolved, ahi- 
mine and lii)j;hly oudizcu iron. Evaporate the solution to drj'ness. 
Hit contain acetate of lime only, a substance will be obtained which 
does not attract moisture from the air; if magnesia be present, the 
mass will deliquiate. To separate the lime Aom the magnesia, 
proceed as in I. 

The residue, insoluble in acetous acid, may contain alumiiie, 
iron, and silcx. The two first may be dissolved by muriatic acltli 
from which the iron may be precipitated first by pruisiata of pot- 
ash, and the alumine afterward by a hxcd alkali. 

Dr. Murray's Formula for the AnahjtU (if Mineral tVelrrt, 

s respecting the analysis of mineral waters 
by Dr. Murray, of Edinburgh.* In pro- 
ceeding by the method of evajioration, the salts obtained are fre- 
^ently, he conceives, the products of the operation, and not the 
or^nal ingredients of ihe water. For example, though we may' 
obtain from a mineral water, sulphate of lime and muriate of 
soda, yet it is probable, he thinks, that the water, in it* natural 
state, held in solution both sulphate of aoda and muriate of linir, 
which, though incompatible salts, if presented tu each otbcr In 
dense solutions, may yet exist, without mutual decoinposilioni 
when diffused through a large quantity of fluid He argue*, lhcr»' 
fore, that we attain a much nearer approximation to the Inic com- 
position ofa mineral water, by diaregardin^ the salts mnltlnK from 
iu evapomtion; and, instead of this, determining wilh exirmie prc- 
eisioo the elements, or acids and bases, of which those salts ar» 
composed. Tbe pecuiiair nwdc of combination, in which ihey 
exin in the water submitted to anaAfs^ can '.mly, tie thinks, be 
iaferred by coaatdering the most proteblc views »f tlicir bhttry 
eaaiposition. 

Hsviag gained a general idea of the nMura of Utf a-' ' - - 



&OME. ingenious 
h^e lately been taken by Dr. 




-, by tlie agency of Iho icuts already doscribcd, Dr. MtiniiT re- 
mmctitla ihai we proceed to iis minute analysis in the fuUowing 



1. Reduce tlie water, by evaporation, as far as can be done 
without ocCBsioTiing any sensible precipitaiion or cry slal ligation. 

a. Add a solution of muriate of liarytcs, as lung as it occasians 
a precipitate, and no longer. By an experiment on a separate 
qiiautity, examine whether the precipitate effervesces witii dilute 
muriatic add, and wlielher it is entirely dissolved by that acid 
If entirety soluble, dry and weigh it, and allow 22 j^raijis af cai'bo* 
nic fluid for every 100 grains. If it do not effervesce, or dissolve, 
we may considBr it as sulphate of barytcs> and reckon that it edit- 
tains, in a dry stale, 34 grains of sulphuric acid in every 100. 1( 
it be partly soluble with effervescence, iind partly insoluble, it con- 
sists both of carbonate and sulphati;, the former of which nuf 
readily be separated from the latter by dilute muriatic acid; and 
tin precipitate being wcii;hed in a dry state, lioth before and ttfur 
the action of the acid, we learn the quantity of each; what remuns 
being the sulphate only. 

By the evaporation, the carbonic acid is removed, and ttie «i- 
fihuric acid is separated by the harj'iic salt. The nest object is to 
discover the kind and quantity of the bases present; and then to 
fiud the quantity of muriatic acid, originally contained, in the 

3. To the clear liquor add a saturated solution of oxalate o[ 
ammonia, as long as any turbid appearance is produf^ed. Collect 
the precipitate, which consists uf oxalate of lime; dry il^ and) by ' 
calcining it at a low red heat, convert it into a carbonate, wlt^i 
muy be changed toto sulphate by a slight excess of sulphuric snd> 
The sulphaieof lime, after ignition, contains 41.5 of lime in 100. 

4. Tlie nest step is to separate ibe magnenia, ivhich may be 
done ns follows: let the clear liquid, remaining after the precipita- 
tion of the oxalate of lime, be heated to 100" Fahrenheit, and, if 
necessary, i-edacc a little by evaporation; and then, add to it, first 
a solution of carbonate of ammonia, and afterwards of phosphUc 
of ammonia, at long as any predpitation ensues. Wash the pre- 
cipitate, dry Olid calcine it at a red heat for an hour, after which 
loo grains may be estimated to cont^n 40 of magnesia. 

5. To estimate the soda, evaporate the liquor, remtuning after 
the preceding operations, to dryness, and expose the dry mass to 
heat as long as any vapours exhale, raising it, in the end, to red- 
ness The residual matter is muriate of soda, 100 grains of whii:li 
are equivalent to 59.3 soda, and 46. r of ammoniatic acid. 

G. ll IS possible that the muriatic acid, deduced from the residu- 
ary common salt, may exceed the true quantity, and that a part 
may have been inti-oduccd by llic: muriate of barytes. Or, on tlic 
other bund, if muriate of lime or magnesia were present in the 
water, tlie ammonia, by which tliose earths were separated- would 
ftirm, with the nitirialic acid quitted by them, a salt, which will 
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liave been dissipated by heat; and consequently the muriatic acid 
will have been stated too low. To decide this^ the simple rule is, 
to suppose the elements, obtained by the analysis, combined in 
binary compounds, according to the known proportions in which 
they unite. The excess or deficiency of muriatic acid will then 
appear; and the amount of the excess, being subtracted from the 
quantity of muriatic acid existing in the muriate o£ soda obtained; 
or the amount of the deficit, being added to that quantity, the real 
quantity of muriatic acid will be apparent.— As a check on this 
operation,- it may be proper to estimate directly the quantity of 
muriatic acid in a given portion of the water, by first abstracting 
any sulphuric or carbonic acid by nitrate of bary tes, and then pre- 
cipitating the munatic acid by nitrate of silver. The real quan- 
tity of muriatic acid will thus be found; and the result will form a 
check on the other steps of tlie analysis; for the other ingredients 
must bear that proportion to the muriatic acid which will cor- 
respond with the state of neutralization. 

Havmg thus discovered the different acids and bases, and de* 
termined their quantities, it remains to determine the state of 
combination in which they exist. They may either be considered 
as forming simultaneous combinations, op as existing in the state 
of binary compounds. In the latter case, it is probable that the 
acids and bases are so united as to form the most soluble com- 
pounds, and in this way we may state them. It may also be pro- 
per ta give the quantity of binary compounds obtained by evapo- 
ration, or by any other direct analytic process. Sor exailnple, the 
elements of the salts in a pint of sea-water, as deternuned by Dr. 
Murray's analysis,* are^ 

lame •...,.. 2.9 grains 
Magnesia ...... 14.8 

Sod^ ....... 96.3 

Sulphuric acid • . . • 14.4 
Muriatic acidr .... 97.7 



226.1 

The compound salts, as obtained by evaporation, are, 

Muriate of soda . . . 180.5 groins 

■■ magnesia . 23. 

Sulphate of magnesia . 15.5 

lime ... 7.1 



i^-v^ 



226.1 

♦Kdinb. Phil. Traru. 
Vol. H.— T t 
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But Ihe Kalis exisling in a pint of sea-n-atcr, in its natural W 
licfore subjecting it to evaporation, may be calculated to be 
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CHAPTER II. 



SliCTION 1, 

General Oirectiont . 

Tui clicnikal analysis of minerals ta attended even wilIi greiter 
difficulties than timt of natural waters; and it would require not 
only'a separate work, but one of considerable extent, to cotnpre- 
Iien'd rules for determining the proportions of all possible combi- 
nations. On the present occasion, I mean only to ofl^r a few 
general directions for attaining such a knowledge of the coinpo> 
sition of mineral bodies, as may enable the chemical student K 
refer them to their proper place in a mincval arrangement, and to 
judge whether or not they may admit of application tu the uses of 
common life. Those who are solicitous to become adepts in the bR 
of mineral analysis, may re&d attentively the numerous papers ftf 
Vauquelin, Hatchett, and other skilfut analysts, dispersed ihrougll 
various chemical collections; and also an admirable work of H. 
Klaprath, entitled, "Analytical Essays towards improving; 
Chemical Knowledge of Minerals," 3 vols. 8vo., publish) * 
Cadeiland Davies, 1801. 



scnwS'^ 



The great variety of mineral bodies, which nature presctit 
the composition of ibis globe, have been classed by laie writet? 
under a few general divisions. They may be arranged under four 
heads: 1st, Earths; 2d, Saltsj 3d, Inflammable Fossils; and 
4th, Metals, and their Ores. 

I. Eaiitms. — The formation of such a definition of earths as 
would apply exactly to the bodies defined, and to no others, is at- 
tended with considerable difficulty, and indeed has never yet been 
It would lead me into too long a discussion, to coni' 
y in this place, on the definitions that have been generally 
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krcd, and to state the grounds of objection to each of them. 
Sensible, therefore, that I am unable to present an unexceptiona- 
ble character of earthy bodies, I shall select such a one as may be 
sufficient for the less accurate purpoae of (general distinction. 

" The term earth," says Mr. Kirwan, '' denotes a tasteless, in- 
odorous, <)ry, brittle, uninflammable substance, whose specific 
gravity does not exceed 4.9 (i. e. which is never five times heavier 
than water,) and which gives no tinge to borax in fusion." After 
stating some exceptions to this definition, aflbrded by the strong 
taste of certain earths, and the solubility of others, he adds, 
"Since, however, a line must be drawn between salts and earths,, 
I think it should begin where solution is scarcely perceptible^ 
salts terminating, and earths, in strictness, commencing, where 
the weight of ilie water, requiaile for the solution, exceeds that of 
the solvent lOUO times. But not to depart too widely from the 
commonly received import of words that are in constant use, sub- 
aiances that require 100 times their weight of water to dissolve 
them, and have the other sensible properties of eaiths, may be so 
styled in a loose and popular sense." 

The simple, or primitive carihS} are those which can only be 
nsolvetl into oxygen and a metallic basis. Such are lime, mag- 
nesia, alumine, silex, he. 

The compound earths are composed of two or more primitive 
earths, united chemically together. Sometimes the union of an 
earth with an acid constitutes what is vulgarly called an earthy as 
in the examples of sulphate of lime, fluate of lime, IScc. 

II. Salts. Under this head Mr. Kirwan arranges " all those 
substance thai requires less than 100 times il.eir weight of water 
to dissolve them." This description, though by no means so 
amply characteristic of the class of salts as to serve for an exact 
definition, is sullicient for our present purpose. 

III. "By iNFLAMMASLE FOSSILS," the same author observes, 
" are to be understood all those of mineral origin, whose princi- 
pal character is inflammability; a criterion which excludes the 
diamond and metallic substances, though also susceptible of com- 
bustion." 

IV. Metallic subst.^nues are so well characterized by exter- 
nal properties, as not to require any definition. — *' Those on which 
nature has bestowed their proper metallic appearance, or which 
arc allowed only with other metals or semi-metals, are called na- 
tive metals. Uut those that are distinguished, as they commonly 
are in mines, by combination with some other metallic substancea, 
are said to be mineralized. The substance that sets them in that 
state is called a mineralizer; and the compound of both, an ore." 
Thus, in the most common ore of copper, this metal is found oxi- 
dized, and the oxide combined with sulphur. The copper may be 
said to be mineralized by oxygen and sulphur, and the compound 
of the ihree bodies is called an ore of copper. 





Mrthod oj rxaimning 



A'MiXEfiAL substance, presentet! to 
^eviwiB kno^vlorfge of its composili 






' cxaniinalion without ai^ 
ihoukl first be referred to 
f the above four dassiiB, in oi'iler that we may attain a gene- 
ral knowledge of its nature, before proceeding to analyse it mi- 
mttely. 

I. To aBcertain whether the nnknown mineral contain saline 
matter, iet 100 grains, or any other determinate quantity, iu ibe 
state of fine powder, be put into a bottle, and shaken up repeatedly 
with 30 times its weight of water, of the temperature of 120° or 
130°. After having stood an hour or two, pour the contents efthe 
bottle on a filtering paper, previously weighed and placed on a 
funnel. When the water has draiiied off, dry ihe powder on a fil- 
tering paper, in a heat of about 212*-: end, when dry, let tlte « 
be accurately weighed. If the weight be considerably less tban.U 
joint weight of the powder before digestion and the filtering p 
we may infer that same salt has been dissolved, and the 
»f weight will indicate its <]uantity. 

In certain ca^es it may be advisable to use repeated pniliomli 
boiling water, when the salt suspected to be present is difficult df 
soUitiofi. 

StH3oH the mineral under examination be proved, by the fare- 
i;ein^ experiment, to contain much saline matter, the kind airf 
proportion must next be determined, by rules which will liereafter 
be laid down. 

li. The second class, -wiz. earthy bodies, are distinguished by 
thear insolubility in water, by their freedom from tnsie, by tWr 
nninflamm ability, and hj their specific gravity never reaching S. 
If, therefore, a mineral be insoluble in water, when tried in the 
foregoing manner; and if it be not consumed, either wholly or in 
ctmsiderable part, by keeping it, for some lime, on a red-hot iron; 
we way conclude that il is neither a salt nor an inflammable body. 

Hi. The wily remaining class with which il can be confounded 
is ores of m«ta)s, from many of which it may be distinguished 
«ier»4y by poi&ing it m the hand, the ores of metals being alway* 
heavier than earths; or, if a doubt should still remain, it may be 
weighed hydrostaiioally. The mode of doing this it may be propo* 
to describe; but the principle on which the practice is founded, 
Dffiinet wth propriety be explained here. Let the mineral be sus- 
pended by a piece uf fine bair, silk, er thread, from the scale of a 
Mati««, and weighed hi the air. Suppose it to weigh SSO grains. 
lex, (still suspended to the balance) be immersed in a gtesy 
lied water, of the temperature of 66" Fahrenheit. The scale 
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containlDg the weight iviil now preponderate. Add, therefore, to 
Uie scale (rom which the mineral hsngB, as many grain -weightb as 
are necessary to restore the equilibrium. Suppose that 50 gnuns 
are necessary, then the specific gravity may be learned by dividing 
tfae weight in air by the weight lost in water. Thus, in the fore- 
going case, 2i0 ~ SO = 5; or, a substance which should lose weight 
in waici', according to the above proportion, would be five times 
faeavier than water. It must, therefore, contain some tnetal, though 
probably in no great quantity- Any mineral, which, when weighed 
in the above manner, proves to be S, 6, 7, or more times heavier 
than water, may, theretbre, be inferred to contain a metal, and may 
be referred to the class of ores. 

1 V. Inflammable substances are distinguished by their burning 
away, either entirely or in consideritblc part; on a red-hot iron; and 
by ibtar detonating, when mixed with powdei'ed nitre, and thrown 
■nta a red-hot crucible. Certain ores of metals, however, which 
contain a considerable proportion ol inSammable matter, answer 
to (his test, but may be distinguished from purely inflammable 
substances by their greater specihc gravity. 

v proceed to offer a few general rules for the more ac- 
Hcurate e^uniination of substances of each of the above daises. 




SECTION III. 
MxttminaUon of Sain, 

n.iiTioN of saline matter, obtained in the fbregoing inan- 

:r (see pnge 4tS,) may be slowly evaporated, and left to cool gra- 
dually. When cold, crystals will probably appear, which a chemist, 
acquainted with the forms of salts, will easily recognize. But, as 
several different salts may be present in the same solution, and 
may not crystallize in a sufhciently distinct shape, it may be neces- 
sary to have recourse to the evidence of tests. 

3. Let the salt, in the hrst place, be referred to one of the fbU 
lowing orders. 

(a) jlcids^Qr talcs with excess of acid. These are known by their 
effect on blue vegetable colours. The particular species of acid 
may be discovered by the tests described, p. 433. 

(A) Alkatiea. These arc characterized by their effect on vegeta- 
ble colours, and by the other properties enumerated, vol. 1. p. 213. 

(f) Salts with metallic baaea. Metallic salts afl'ord a very copi- 
fivs preciiHtate when mixed with a solution of prussiate of potash. 
To ascertain the species of metal, precipitate the whole by prus- 
siate of potash, calcine the precipitate, and proceed according to 
the rules which will hereafter be given for eeparating metals from 

IchothW. 
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(d) Salt» rjith earthy basf». iTa solution of salt, ill which 11 _ 
pruHiate of potash occasions no prucipiiation, aflbrd a precipM| 
on adding pure or carbonated potash, we may infer, that a col 
pound of an acid, with some one of the earths, is present in the 
soiuiion- Or if, after f«rro-prussiate of potash has ceased to throw 
<lown a sediment, the above-mentioned alkali precipitates a fanher 
portion, we may infer that both earthy and metallic salts are con- 
tained in the solution. In the first case, add the alkaline solution, 
and, when it has ceased to produce any effect, let the sediment 
subside, decant the supernatant hquor, and wash and dry the pre- 
dpilate. The earths may be examined, according to the rules that 
will be given in the following article. In the second case, ferro- 
prussiate of potash must he added, as long as it precipitates any 
thing, and the litjuor must be decanted from the sediment, whicb 
is to be washed with distilled water, adding the washinK to what 
has been poui-ed oft". The decanted solution must next be mixed 
with the alkaline one, and the precipitated earths reserved foi: ex- 
periment. By this last process, earths and metals may be separated 
from each other- 

(e) JVeittral salts viUh alkaline hosts. These salts arc not prc- 
cipitaled either by prussiate or carbonate of potash. It may hap- 
pen, however, that salts of this class may be contained in a solu- 
tion, along with metallic or earthy ones. In this case the analyus 
becomes diflicult; because the alkali, which is added to precipitate 
the two last, renders it difficult to ascertain whether the neutral 
salts are owing to this addition, or were originally present. I am 
not aware of any method of obviating this difficulty, except the 
following: Let tlie metals be precipitated by prussiate of ammonia, 
and the earths by c;irbonate of ammonia, in a temperature of 180° 
or upwards, in order to ensure the decomposition of magnesiati 
aalts, which this carbonate does not effect in the cold. Separate the 
liquor by filtration, and boil it to dryness. Then expose the dry 
mass to such a heat as is sufticient to expel the ammoniacal salts.' 
Those with bases of fixed alkali will remain un volatilized. By this 
process, indeed, it will be impossible la ascertain whether ammo* 
niacal sails were originally present; but this may be learned by 
adding to the salt under examination, before its solution in water, 
some pure potash, whiph, if ammonia be contained in the salt, will 
produce the peculiar smell of that alkali. The vegetable and 
mineral alkalies may be distinguished by adding to the solution b 
little lartarous acid, which precipitates the former but not the lat- 
ter; or by muriate of platinum, which acts only on the vegetable 
alkali. 

Having ascertained the basis of the salt, the acid will easily be 

* This applicaliaQ of beat will drive off, nUa, any excess of the ammenia- 
eal carbonate, irhich might have retainad iu bolulioii either yttria, glucinor 
urzirciMi. Tliealbaliucsaltsmay boseparateJ frumlbesecarthSiby b "' 

the mixture iu ivaler, Qltpring, aud cvaporitin; 
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discriminated. Muriated bavytes will indicate sulphuric scid; ni- 
trate of silver the muriatic; and sails, concaluing nitric acid, may 
be known by a detonation ensuing on projecting ihcni, mixed with 
powdered diarcoal, into a red-hot crucible. 






SECTION IV. 



of Earths and Slones. 



WifEN a mineral, the composition of which we are desirous to . 
discover, resists the action of water, and possesses characters thab 
rank it among earthy bodies, the next object of inquiry is the na- 
ture of the earths that enter into its composition; in other words, 
how many of the simple earths, and which of them, ii may contain. 
Of these earths {yiz. sJIex, alumine, magnesia, lime, strontites, 
barytes, zircon, glucine, and yttria,) one or more may be expected 
in the composition of a mineral, beside a small proportion of me- 
tals, to which the colour of the stone is owing. In general, how- 
ever, it is not usual to lind more than four of the simple earths in 
one mineral. The newly discovered earths, zircon, giucine, and 
yttria, occur very rarely, 

A stone, which is intended for chemical examination, should be 
6nely powdered, and care should be taken that the mortar is of 
harder materials than the stone, otherwise it will be liable to abfa. 
sion, and uncertainty will be occasioned in the result of the pro- 
cess. A longer av shorter time is required, according to the tex- 
ture of the stone. Of the harder gems, 100 grains require two or 
three hour's trituration. For soft stones, a mortar of Wedgwood's 
ware is sufficient; but, for very hard minerals, one of agate, or 
hard steel is required; and the stone should be weighed both be- 
fore and after pulverization, that the addition, if any, may be as- 
certained and allowGil for. Gems, and slones of equal hardness, 
gain generally from 10 to 13 ficr cent. When a stone is extremely 
difficult to be reduced to powder, it may sometimes be necessary 
to make it red-hot, and while in this state to plunge it into cold 
water. By this process it becomes brittle, and is afterwards easily 
pulverized. But this treatment is not always effcclual; for Klaproih 
found the hardness of corundum not at all diminished by igniting 
it, and quenching in cold water. 

The chemical agents, employed in the analysis of stones, should 
be of the greatest possible purity. To obtain them in this state, di* 
rections have been given in the former part of this work. 

In treating of the analysis of stones, it may be proper to divide 
tfaem, 1st, into such as are soluble, either wholly or in part, and 
with effervescence, in nitric or muriatic acids, diluted with five or 
^ parts of water; and, 2dly, into such ai do not dissoUe in thes» ■ 
acids. 
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i, Rariitt or sionent toluAU with effervescence, ii 
Of aulfihuric acidn.' 

(A) If it be fbund, on trial, that the mineral under e 
effervesces uiili either of these acids, let a ^ven weight, find} 
powdered, be digested with one of ihein diluted in the above pro- 
portio.n, in a gentle heat, for two or three hours. Aaccrtain tl»c 
loss of weight, in the manner pointed out, vol. i. p. SO I , and lilter 
the solution, reserving the insoluble portion. 

(B) The solution, when effected, may contain lime, magnesia, 
aluniine, barytes, or strontites. To ascertain the presence of the 
two last, dilute on ali<|Uot part of the solution with 3U times it bulk 
of water, and add a little sulphuric acid, or in preference, solution 

-of sulphate of soda. Should a white precipitate fall down, we may 
infer the presence of barytes, of strontites, or of both. 

(C) To ascertain which of these earths {viz. barytes or atroD- 
lites) is present, or, if both are contained in the solution, to sepa- 
rate them from each other, add sulphate of soda till tlie precipitate 
ceases; decant the supernatant liquid; wash the sediment on a filter, 
ji>d dry it. Then digest it, with four times its weight of pure cat- 
honate of potash, and a sufficient (juantity of water, in a gentle 
hi:at, during two or three hours. A double exchange of pi'inciples 
will ensue, and we shall obtain a carbonate o£ bary.tes or stroniitBii, 
or a mixture of both. Pour on these, after being well wasbed, ni- 
tric acid, of the specific gravity 1.4, diluted with an equaJ weight 
of distilled water. This will dissolve the strontites, but na^r'^ 
bsrytes. To determine whether any sti-oniites has been ta.lu 
by the acid, evaporate the solution to dryness, and dissolve' 
mass in alcohol. This alcoholic solution, if it 
strontites, will burn with a deep blood-red flami 

fiaryics and strontites may also be separated from eacb othepfar 
the following mauner: To a saturated solution of the two earths 
in an acid, add prussiale of potash, which, if pure, wdl occasion tM 
immediate precipitation; but, al^er some time, small and insatublc 
srystals will form on the surface of the jar. Thest arc the pru^- 
siaicd baryteb, which may be changed into the carbonate by a red 
heat, continued, with the access of air, till the black colour disap' 
pears. The strontites may be afterward separated from ttiesolution 
hy carbonate of potash, 

A third method of separating strontites from barytes is foundod 
Oft the stronger affinity of barytes, than of the former carib, lor 
acids. Hence if the two earths be present in the same solution, add 
a solution- of pure barytes, till the precipitation ceases. The ba- 
izes- will seize the acid, and will throw down the sH'ontlte-s. ThA 
stroniitic solution, in this case, should have no excesi o£ ^ 
w*ich would prevent the action of the barytic earth.t 

* The sulphuric acid in chiefly, eligible for atones ofUiemitgncsianjeii 
t KTaproth BBparates barytes from strontitea by evaporiitinf- '' 

IntioiiB of 1)Dtb. The barjticsalt, bein^ le«isohjhle, soparalcs 

ttroDtitic ia coDtaioed in the last porliocs. 
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(D) Th« solution (B,) after ihe arldition of sulphate of «oda, 
may contain time, magnesia, alumine, and some metallic oxides. 
To separate the oxides, add prussiate of potash, till its effect ceases, 
and filler the solution, reserving ihe precipitate for future expcri- 

(E) When lime, magnesia, and alumiue, fcre contained in the 
same solution, proceed as follows: 

(a) Precipitate the sdlution, previoiislj' made hot, hy carbonate 
of potash; wash the precipilate well, ^"d dry it. It will consist of 
carbonate of lime, magnesia, and alumine. (A) The alumine may 
be separated, by digestion with a solution of pure potash, which 
■will dissolve the alumiue but not the other earths, (c) To this 
■olntion of alumine, add, very cautiously, diluted muriatic acid, 
till the precipitate ceases, and no longer; or, as Mr. Cheneviic re- 
commends, substitute muriate of ammonia; decant the supernatant 
liquor; wash the precipitate well with distilled water, and dry ii. 
Then expose it to a low red heat, in a crucible, and weigh it, 
■which win give the proportion of alumine. 

(F) Magnesia and lime may be separated, though not with per- 
fect accuracy, by the following process: Evaporate the solution, 
ID nitric or muriatic acid, to dryness. Weigh the dry mass, and 
pour on it, in a glass evaporating dish,* more than its own 
weight of strong sulphuric acid. Apply a sand-heat till the acid 
ceases to rise, and then raise the heat, so as to expel the excess of 
pulphunc acid. Weigh the dry mass, and digest it in twice its 
weight of cold distilled water, — This will dissolve the sulphate of 
magnesia, and will leave the sulphate of lime, which must be put 
on a filter, washed with a little more water, and dried in a low red 
heat. To estimate the quantity of lime, deduct, from the weight 
of the sulphate, 59 ftrrcent. According to Klaproth,t crystallized 
sulphate of lime contains one third earth. 

If the time be only in very small proportion to the magnesia, 
the two sulphates may be separated by evaporation, that of lime 
crystallising first. 

From Klaproth's experiments, ICin parts of sulphuric acid, spe- 
cific gravity 1.850, when saturated with lime, give 160 of suj- 
phate. To saturate 100 parts of this acid, 53 parts of pure lime 
are required, or 100 of carbonate of lime. 

The magnesia is nest to be precipitated from its sulphate by the 
aub-carbonate of potash, in a heat approaching 312"; and the pre- 
cipitate, after being well washed, must be dried, and calcined for 
an hour. Its weight, after calcination, will give the quantity of 
magnesia contained in the stone. 

It had been recommended, when magnesia and lime are con- 

"The bottom offl broken Florence flask answers this purpose oxtremeljr 
fEfiU, and bean, without breakiDS, tbe heAtneceasar; tocKpeltheaiilphifric 
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tained In the same solution, to precipitate tlie latter by the bi4l 
bonaie of potasb; but it has been shown by Bucholz; that 4 
process H defective,* a considerable proportion of the carbonate 
of linie remaining in Golution. Dobereiner prefers adding the 
sub-carbonate of ammonia to the cold solution of the two earths. 
The carbonate of time is thus thrown down, and carbonate of 
magnesia may afterwards be separated, by boiling the liquor: OTi 
Iroth carbonates may be precipitated together by adding sub-car- 
bonate of soda or of potash to the heated solution; and Irom this 
precipitate, after being sufficiently washed, muriate of ammonia 
will take up the carbonate of magnesia, leaving that of lime sepa- 
rate. From the weights of the carbonates, it is easy to estimate 
those of the pure earths contained in them. 

(G) If magnesia and atumine only be held in solution by an acid 
(ihe absence of lime being indicated by the non-appearance of a 
precipitate, on adding oxalate of ammonia,) the two earths may 
be separated by adding, to the cold solution, the carbonate of am- 
monia. This will separate Ibe alumine, which may be collected, 
washed, and dried. To ascertain that a complete separation of the 
two earths has been accomplished, the process may be followed) 
recommended by Klaproth, in his Contributions, vol. 1. page 418, 
The magnesia, remaining in solution, may be precipitated by if 
carbonate of potash; heat being applied, to e^pel the excM 
carbonic acid. 

Magnesia and alumitie may, also, be separated by succinat 
soda, whfch precipitates the latter earth only-t 

When the solution of magnesia, of alumine, or of both, contains 
a small proportion of iron, this may be separated from either or 
both of the earths by evaporating to dryness, calcining the residue, 
during one hour, in a low red heal, and dissolving again in dilute 
nitric acid, which does not take up iron when thus oxidized. 

(H) The insoluble residue (A) may contain alumine, silex, and 
oxides of melals, so highly charged with oxygen as to resist the 
action of nitric and muriatic acids. 

(a) Add concentrated sulphuric acid, with a small quantity of 
ppiash, and eraporate the mixture to dryness, in the vessel de- 
scribed in the note, p. 337. On the dry mass pour a fresh portioB 
of the acid; bull again to dryness, and let this be done, repea;tedl7i 
three or four times. By this operation, Che alumine will be con- 
verted into a sulphate of alumine and potash, which will be esailjr 
soluble in warm water; and from Ihe solution, crystals of alum will 
shoot on evaporation.^ Let the sulphate of atumine be washed 
oiT, and the insoluble part be collected and dried. The aliimiRe 

* Adu. de Chini. ei Phjs. iii. 403. 
t See sect. I.xvii. of the chapter on Mineral Waters. 
t Klaprnlh procureil crjatals of alum rrom one Tourth of a grain of lAl' 
mloe. The qnanliiy ofalumine he estimates at one tcoth (he weight oCjl 

crytlalliiied atum wliicli Ie obtaiacd. 
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^^■l^vy be precipitated by carbonate of potash; waslied, ilrieil, and 
^^^^ited; and its weight ascertained. 

' During the evaporation of a solution of aluinine, which has been 

separated from silex, portions of the latter earth continue to fall, 
even to the Jaat.' These must be collected, and washed with warai 
water; the collected earth added to the portion (i,) and the waali- 
logs to the solution (a.) • 

Alumine may be separated from oxide of iron by a solution of 
pure potash. 

J-'i-om whatever aciti alumine is precipitated by fixed alkali, it is 
apt to retain a small portion of the precipitant. To ascertain the 
true quantity of this eaith, it must, therefore, be rc-dissolved ii> 
acetous acid, again precipitated by solution of pure ammoaia, 
dried, and ignited. 

(b) The oxides (generally of iron only) may be separated from 
the ailex in thj following manner: — Let tlic insoluble part (o) be 
heated in a crficible with a little wax. This will render the oxides 
soluble in diluted sulphuric acid, and the silex wilt be left pure 
and white. Let it be washed, ignited, and its weight ascertained. 

2. Slonea insoluble in diluted nitric and muriatic acids. 

These stones must be reduced to powder, observing the cau- 
tions given in page 451. 

(I) Let 100 grains, op any other determined quantity, be mixed 
with three times their weight of pure and dty potash. Put the 
■whole into a crucible of pure silver, set in one of earthenware of a 
larger «ije, the interstice being 611 ed with sand; and add a little 
-water. t The crucible, covered with a lid, must then be gradually 
heated; and, as the materials swell and would boil over, they arc 
to be stirred constatitty with a rod or spatula of silver. When the 
moisture is dissipated, and the mass has become quite dry, raise 
the heat as far as can be done without melting the crucible, if oE 
silver, and continue the heat during half an hour, or an hour. 

The phenomena that occur during this operation, indicate, in 
some degree, the nature of thenuneral under examination. If the 
mixture undergo a perfectly liflfid fusion, we may presume that 
the stone contains ntueh siliceous earth; if it remain pasty and 
opaque, the other earths are to be suspected; and, lastly, if it have 
the form of a dry powder, the bulk of which has considerably in- 
creased, it is a sign of the predominance of alumine. 
. If the fused mass have a dark green or brownish colour, ths 

presence of oxide of iron is announced; a bright green indicates 

* See Klaprath, vol. i. pa^s 66 aod 75, 

t liiaprolh effecltid the disintegration of corundum (which resisted devea 
successive fusions with alkali]b;a(ldins to Uiepuwdercdstooe, iaacrucible, 
a solulion nf pure potasli, boiling' to drynesa, and pushing' the mixture to fu< 
Gion. The alkali must be perfectly caustic, and must have been purified by 
ajcohol. as rccom mended, vol. i. pp. 313, 313. A platinum crucible i» unfit 
for tbiapurpoHe,'aa it isconwledliypure alkalii 
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RiAngancse, espcciuJIy if the colour be imparted lo walcr; '^j^^^f 
yellowish green the oxide of chrome. ^^^1 
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yellowish green the oxide of chroi 

(a) The disintegration of stones, consisting chiefly afalufninci 
is not easily effected, however, by means of potash. Mr. Chenerix 
found (Philosophical Transactions, 1802) that minerals of thi« 
class are much more completely decomposed by fusion with cal- 
cined borax. One part of lliefninerot to be examined, reduced lo 
a very fine powder, and mingled with 2} or tliTee times its weighl 
of glass of borax (sec part i.cliap. xvi.^ is to be exposed to a strong 
heat for two hours in a crucible'of platinum, set in a targer earlhcD 
one, and surrounded by sand. The crucible and its contenli, 
which adhere very strongly to it, are then to be digested, for some 
hours, with muriatic acid, by which a perfect solution will be ac- 
complished. The whole of the earthy part is then to he precipi- 
tated by sub-carbonate of ammonia; and the precipitate after being 
w^ll washed, is to be re-dissolvcd in muriatic acid. By this means, 
the borax is separated. The analysis is afterwards to be conduct- 
ed nearly in the manner which will presently he described. 

(Kj Tlie crucible, being removed from the fire, is to be well 
cleaned on the outside, and set, with its contents, in a porcelain or 
or glass vessel, filled with hot water, which is to be stirred and 
renewed, occasionally, till the whole mass is detached. The water 
dissolves a considerable part of the compound of alumine and si- 
iex with potash, and even the whole, if added in sufficient quantity. 
During cooling, a sediment occasionally forms, in the filtered li- 
quor, of a brownish colour, which is oxid^ot manganes*.* (See 
Elaprolh, i. 545, b.) 

(L.) To the solution (K,) and the mass thai has resisted solu- 
tion, in the same vessel, add muriatic acid. 'I*he first ponions of 
acid will. throw down a flocculent sediment, which consists of the 
earths that were held dissolved by the alkali. Then an eff'erveB- 
ccnceensues! and a precipitate occms, which is no sooner formed 
Uian it is dissolved. Lastly, the portion that resisted the action of 
water is taken up, silently, if it untain alumine, and with effer- 
vescence if it be calcareous earth™ 

(M From the phenomena attending the action of mxiriatic 
acid, some indications may be derived. If the solution assume gi 
purplish red colour, it is a sign of oxide of manganese; an orange 
red shows iron; and a gold yellow colour betokens chrome. Free-' 
dom from colour proves, tliai tlie stone contains no metallic in- 
gredients. 

(N^ When the solution is complete, it is to be evaporated t« 
dryness in a glass vessel; but if any thing resist solution, it must 
be heated, as before (l,j with potash. When the liquor ap- 
proaches to diyness, it assumes the form of a jelly, and must then 
be diligently stirred till quite dry. 

(O) (ny Let the dry mass be digested, in a gentle heat, with 
three or four pints, or even more of distilled waier, and filtered. 
(6) Wash what remains on the filler, repeatedly, till the washing 
ceases fo precipitate the nitrate of silver, and add the washings to 



the fillcred liqvior. (c) Let the residue on the filter l)c dried and 
ignited in a crucible. Its weight shows ilie quantity of silex. If 
pure, it should be perfectly white; but if it lias any colour, an ad- 
mixture of some metallic oxide is indicated. From this it may be 
purified by digestion in muriatic acid, and may again be washed, 
ignited, and weighed. 

(P) The solution (O,) which, owing to the addition of the wash- 
ings, will have considerable bulk, is next to be evaporated, till less 
than a pint remiiins-, carbonate of potash must then be added, and 
the liquor must be heated during a few minutes. Let the precipi- 
tate, occasioned by the alkali, subside; decant the liquor from aboTc 
it, and wash the sediment, repeatedly^ with warm water. Let it 
ttren be put on a filter and dried. 

(Q) The dried powder may contain alumine, lime, magpesin, 
barytes, or slrontites; besides metallic oxides, which may be s^a- 
rated from each other, by the rules already given, 

(R) It may be proper to examine the solution (P) after the ad- - 
dition ofcarbonate of potash, in order to discover, whether any and 
what acid was contained in the stone, 

(n) For this purpose, let the excess of alkali be neutralized by 
muriatic acid, and the liquor filtered. 

(d) Add, to a little of this liquor, a solution ofmuriated barytes.' 
Should a copious precipitate ensue, which is insohible in dilute 
muriatic acid, the nrescnce of sulphuric acid is detected. And if 
much barytes, slrontites, or lime, has been found in the precipitate 
(Q,) we may infer the presence of a sulphate of one of these three 
earths. 

(e) If, on mining the liquid (a) with the solution of murlaled 
barytes, a precipitate should ensue which is soluble, without effer- 
vescence, in muriatic acid, the phosphoric acid may be known to 
be present; and, if lime be also found, the phosphate of lime is in- 
dicated. 

(d) To a portion of the liquor (a) add a solution of muiiaie of 
lime till the precipitate, if any, ceases. Collect this precipitate, 
wash It, dry it, and pour on it a little sulphuric acid. Should acid 
fumes arise, the fluoric acid may be suspected. To ascertain its 
presence decisively, distil a portion of the precipitate with half its 
weight of sulphuric acid. The fluoric acid will be known by its 
effects on tlie retort, and by the properties described, in part i. 
chap, xvii, 

(8) The method of separating, from each other, the metallic 
oxides, usually found as the colouring Ingredients of stones, re- 
mains to be accomplished. 

(a) Let the precipitate, by the prussiate of potash (D,) be ex- 
posed to a red heat, by which the prussic acid will be decomposed. 
The oxides thus obtained. If insoluble in dilute nitric or muriatic 
acid, will be rendered soluble, by again calcining them with the 
• addition of a little wax or oil. 

fp>) Or the process may be varied by omtUing the precipitatior. 
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by pruasiate of potash, and proceeding as direclcil (E.) Tbe oxides 
will remain niiied with the magnesia and lime, and, after the ad- 
dition af sulphuric acid, will beheld in solution by thai acid, along 
with magneiiia only. 

In boih cases the same method of proceeding may be adopted; 
suth variation only being necessary aa is occasioned by the pre- 
tence of magnesia in the latter. 

(c) To the solution (a or 4,) containing several metallic oxides 
diitaolved by an acid, adds solminn of crystallized carbonate of pot- 
ash, as long as any precipitation ensues. This will sepai'ate the 
(ucides of iron, chrome, and nickel; but the oxide of man]^uic»e and 
tbe iDagnesia, if any be pre^nt, will remain dissolved. 

If a itaati quantity ofoxme of manganese be suspected in «ti 
oxide of iron, it may be detected by mixing the oxide with nitre, 
and throwing the mixtura into a red hot crucible. Manganese will 
be iiulicaied by an amethystine red tinge iu the solution of thiH 

To separate the oxides of iron and ntanganese from each otfaci', 
Gehien recommends succinic acid, which is preferred, also, by 
Kkproth and Bucholz. Bci-zelius employs for this purpose tbe 
compounds of benzoic acid. Dr> John advises the addition of oxa- 
late of potash to the solution of the two oxides, first rendered aa 
neutral as possible; bm Bucholz finds that this process is imperfect, 
and that the oxalates precipitate manganese as well as iron. Mr, 
Hatchett has suggested another method of separating iron from 
tnaiiganese. The solution of the ore, made by muriatic acid, and 
fihrated, must be diluted with three or four pints of cold distilled 
water. To this liquid, pure ammonia must be gradually added, till 
il slightly restores the blue colour of reddened litmus'paper. The 
oxide of iron will thus be separated, and will remain on the filter 
upon which the liquor is thrown; and the oxide of manganese will 
pass through it,in a state of solution, The oxide of manganeseinay 
be obtained by evaporation (o dryness, and by calcining in a heat 
sufiicientlo expel the muriate of ammonia.* 

{d) Magnesia and oxide of manganese may be separated by add- 
ing to their solution (c) the hydro-sulphurel of potash^t which will 
Uirow down the manganese, but not the magnesia. The precipita- 
led manganese must be calcined with tlie access of air and weigh. 
ed. The magnesia may afterward he separated by solution of 
pure potash; and, when precipitated, must be washed, dried, and 
calcined. 

(t) The oxide of chrome may be separated from those of ircm 
and nickel, by repeatedly boiling the three to dryness, with nitric 
acid. This will acidify the chrome, and will render it soluble in 
pure potash, which does not take up the other oxides. From this 
combination with potash the chromic (»xide may be detached by 
adding muriatic acid and evaporating the liquor till it assuniA* % 
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green colour. Then, on a<t(Iing a soludon of pure potash, 
uxide of chrome wiH fall down, because the quantity of oxygen, 
required for its aciditicaiion, has been separated hy the muriatic 
»cid. 

fy') The OKicles of iron and nkkel are next to be dissolved 
muriatic acid; and the solution evaporated to dryness. Ijanid 
limmonia is then to be added, ivhich acts on the oxide of nickel 
only. The solution may be again evaporated to dryness, which 
will render the oxide of iron mure dense, and more easily separa- 
ble from the soluble portion. A fresh addition of aninioitia will 
BOW readily dissolve the nickel, leaving the oxide of iron, which 
must be collected on a filter, dried, and weighed. If highly oxidized, 
it must, before weighing, be calcined with was, in a crucible,' 
Th« oxide of riickel remains diSEolved by the excess of ammonia, 
to wliich it imparts a blue cclour. It may be separated by cvapo- 
reiing the solution to dryness and dissolving the sall.f 

^g) Oxide of nickel may be separated from oxide of copper, 
when contained in the same solution, by immersing in the solu- 
tion a bar of zinc, which will precipitate the latter metal only, 
(A) From the ammoniacal solution of nickel and cobalt, Mr. Phil- 
lips finds that the former metal is immediately precipitated by pot- 
ash or soda, which very slowly and sparingly throw down cobalt 
from the same solvent. 

The analysis of the stone is now completed, and its accuracy 
may be judged by the correspondence of the weight of the com- 
ponent parts with that of the stone originally submitted to experi- 
ment. 

It may be proper to observe, that certain stones, which are not 
soluble in diluted nitric and muriatic acids, may be decomposed 
by an easier process than that described (A.) Among«heac are 
the compounds of barytcs, strontites, and lime, with acids, chiefly 
with the sulphuric, fluoric, and phosphoric. The sulphates of 
barytes, strontites, and lime; the fluate of lime; and the phosphate 
of lime; are all found native in the earth, and, except the last, are 
all insoluble in the above-mentioned acids. They may be known 
generally by their external characters. The compounds of barytes 
and strontites have a specific gravity greater than tliat of other 
earths, but inferior to that of metallic ores. They have, fre- 
quently, a regular or crystallized form, are more or less transpa- 
rent, have some lustre, and their hardnest> is such as does not 
prevent their yielding to the knife. The combinations of lime, 
with the above-mentioned acids, are distinguished by similar 
, «liaracters, except that they are much less heavy. To the mine- 

• Dr. Marc et' alleges' that after tliia operation, tlie iion still remains ia iba 
state of peroxide. Gcolag. Transact, i. 

■\ For an cx^unple of the wpanilioa of otobel from iron, "cc Kinprotlj's 
CoatributioDs, vol. i. page 42^, when*, aim, anil page lit, i.'i aa instani^ ol' 
the testing' nf nickelfur oopper. 
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ralogiat, the outward form and characters of these stones are sul- 
ficicDt indicBtions uf their conipDsition. > 

Instead of the fusion with alkali, an ecisier process may be re- 
commended. Let the mineral untiev examination be reduced to 
powder, and be ditjeotei], in nearly a boiling heat, during one or 
two hours, with tliiee or four times its weight of carbonate of pot- 
ash', and a suflicient tjuantit^ of distilled water. The acid, united 
Willi tlic earth, will quit il and pass to the potash, while the car- 
bonic acid will leave the alkali and combine with the earth. We 
shall obtain, therefore, a compotind of the acid of the stone wtdi 
potash, which will i-emain in solution, while the carbonated earths 
will fonn an insoluble precipitate. The solution may be assayed to 
discover the nature of the acid, according to the formula (I;) and 
the earths may be separated from each other by the processes 
(B,) &c. 

(T) In ihe foregoing rules for analysis I have omitted the mode 
of detecting and separating gliichif, because this earth is of very 
rare occurrence. When alumine and glucine are present in a mi- 
neral, they may be separated from the precipitate (E a) by pure 
potash, which dissolves both these earths. A sufficient quantity c^ 
acid is then to be added to saturate the alkali; and carbonate of am- 
monia is to be poured in till a considerable excess of this carbo- 
nate is manifested by the smell. The alumine is thus separated) 
but the giucine, being soluble in the carbonate of ammonia, re- 
mains dissolved, and may be precipitated by boiling the solution. 

(U) Zircon may be separated from alumine, by boiling the mix- 
ed earths with pure soda, which acts only on the lattei'.' " 
acid solution containing both earths, the alumine is thrown dowD 
' by saturated carbonate of potash, which, when added ii 
dissolves^e zircon. Glucine and zircon, or glucint 
may be separated, when mixed together in solution, by pru 
of potash, which has no action on glucine, but precipitates tl 
other earths. 

(V^ To separate yitria from alumine, precipitate them from « 
solution containing both earths, by pure ammonia; boil the pre- 
cipitate in a solution of pure soda, which chiefly takes up alumine: 
neutraliiie the solution with sulphuric acid, and add carbonate of 
soda to the solution, brought to the boiling temperature- A pre- 
cipitate will ensue, consisting of alumine, witli some yttria. To 
separate* the latter earth, dissolve in muriatic acid, and add an ex- 
cess of carbonate of ammonia, which takes up only the yttria. To 
ensure, still farther, the purity of the alumine, dissolve tie residue 
in an excess of sulphuric acid: add a small portion of sulphate of 
potash, and crystallisie the solution. The crystals of alum, that are 
produced, contain one tenth of alumine. 

(W) The presence of potash (which has lately been discovered 
in Some stones) may be detected by boiling the powdered mineral^ 

' Klaprotb, vol. ii. page 213 
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o dryness, with strong sulphuric aclil. Wash ihc dry 
M-, add a little excess of acid, and evaporate the so- 
llcr bulk, ir crystals of aiuni should njipeari it is il 
decisive proof of potash, because this salt can never he ohiaiimd, 
in a crystallized form, without the addition of the vegetable alkaU- 

But since a mineral may contain potash, and little or no alutninc, 
in which case no crystals of alum will appear, il may be neccaaaryj 
in the latter case, to add a little aluinine along with the sulphuric 
■cid. Or the stone may be so hard as to resist the action of lul-. 
phuric acid; and it will then be necessary to fuse it [in the manner 
directed (I)j with soda, which has also a solvent power over uhf 
mine and silex. The fused mass is to be dissolved in water, and 
supersaturated with sulphuric acid. Evaporate to drynets, rcdia- 
solve in water; and filter, to separate the silex. Evaporate the so- 
lution, which will first aJTord crystals of sulphate of soda, and af- 
terwards of sulphate of potash, should the latter alkali be contain- 
ed in the mineral. 

Klaproth first discovered potash in Icucite, oa summing; up the 
results of its analysis, which gave a considerable loss of weight. 
By boiling the stone with diluted muriatic acid, and evaporation, 
he obtained crystals of muriate of potash. Another proof of the 
presence of potash was, that, when sulphuric acid was boiled with 
it, the solution gave crystals of aluni, to which potash is i 
He also boiled the stone with muriatic acid, and, after dissolving 
the muriate of alumine by alcohol, muriate of potash rcmai no o. 
The volcanic leucitc contained less pctaah than other kinds. The 
same alkali he also detected, afterwards, in lepidollte. 

The potash, contained in sulphate of alumine, may be separated 
from the earth, by adding a solution of pure barytes as lon^; as any 
precipitation is produced. The alumine and sulphate of barytes 
will fall down together, and the potash will remain in solution. lu 
presence may be known by the tests, enumerated in the first chap- 
ter of part ii. (sect. 2,) 

X. Soda may be detected in a mineral by the following experi- 
ments: — Let the powdered stone be treated with sulphuric acid, u 
in (U]i wash off the solution, and add pure ammonia, till the pre- 
cipitation ceases; then filter, evaporate the solution to dryneit, and 
raise the heat so as to ekpel the sulphate of ammonia. The sul- 
phate of soda will t^main, and may be known by llic diaracier, 
Tot. i, page 2iT. 

Soda was first found, by Klaprolb, in chrysolite, in the largo 
prDportion of 36 per cent. This analysis wai confirmed bj- Vao- | 
i|tieJin, whose mode of separating it happens to be the one 1 now I 
recooimead. Both the fised alkalies have tincc been fietiuenUr 
dtsoorercd in native minerals >"-■ "f^ i" basalt ■( Kl a pruUii u. 
tisy, is pitch-stone (207); and in kling-stone, am<niniing to 8 
■crccaL (183.) The same skilful smalysi haa found potwh ia 
Hmpuian pearl-stone (363); and, acronipanied by «od«, la p 
nice (30.) 
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IV iiielhod lias been proposed by Sir II. Davy/ for anal'. 
i, containing either of the fixed alkalies; viz. by means ofH 
boracic acid. The process is sufficiently simple. One hundri 
grains of the stone to be examined must be fused, during half an 
hour) at a strong red heati with 200 grains of boracic acid. J 
ounce and a half of nitric acid, diluted with seven or eight parts 
water, must be digested on the mass, till the whole has beea "' 
composed. The fluid must be evaporated, till its quantity 
duced to ounce and half or two ounces. 

If the stone contain silex, this earth will he separated in the _ 
cess of solulion and evaporation. It must be collected on a fift^/- 
and washed well with water, till the boracic acid, and all the saline 
matter, are separated. The fluid, and all that has passed through 
the {iUer, must be evaporated to about half a pint; then saturated 
with carbonate of ammonia; and boiled with an excess of that salt, 
till all the materials that jt contains, capable of being precipitated* 
have fallen to the bottom of the vessel. The solution must then be 
passed through a iilter, which retains the earths and metallic oxides. 
It must then he mised with nitric acid, till it tastes strongly sour, 
and evaporated till the boracic acid appears free. The fluid must 
nest be evaporated lo dryness; when hy exposure to a heat of 450.^ 
Fahrenheit, the nitrate of ammonia will be decomposed) and 
nitrate of potash or soda will remain in the vessel. 

The remaining earths and metallic oxides are separated 
each other by common processes; viz. alumine by solution of ' 
ash; lime by sulphuric acid; oxide of iron by succinate of 
oxide of manganese by hydro-sulphuret of potash; and ma| 
by pure soda. 



2. Ta5U of Substan 
Stone*, aud Ri-fin 

each Other, 



' which may be exfiecled in Eartht q 
el to the Means of se/iaratmg them J 



jicld, fluoric, R, d. 

phosphoric, R. c. 
sulphuric, R. b. 
.ihimUie from Hme and magnesia, E. 
its quantity, E. c. 
from magnesia, G. 
silex, H. a. 
metidlic oxides, H. o. 
glucine, T. 
Barytea and Slrontiiea from Other earths, B. 

from strontiles, C. 
Chrome frofti manganese, Btc. S. e. 
iron and nickel, S. e. 
Earths from oxides, D. 

' PhilosophicaJ Traoaaclions, 1B05; or NiclJDlficn'a Journal, i 
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Glucine from aluniine, T. 
Iron from manganese, S. e. 

nickel, S./. 
L.ime from magnesia, F. 
alumine, £. b. 
its quantity, F. 
Magnesia from lime, F. 

alumine, G. Jj^ 

manganese, S. d, 9 
its quantity, F. 
Manganese y indications of, M. 

from iron, chrome, and nickel, S. r. 
magnesia, S. d. 
^Yickel from manganese, S. e, 

iron, S.yi from copper, S. g, from cobalt, S. /i. 
Oxides y metallic, from ealrths, D. 
Potash from earths and oxides, W. 
Silex from alumine, H. a. 

earths in general, O. c. 
oxides, H. b. 
Soda from earths and oxides, X. 
Strontitesy see Barytes. 
Yttria from alumine, &c. V. 
.. Zircon from alumina, &c. U. 



SECTION V. 

Analysis of Injiammable Fossils^ 

The exact analysis of inflammable fossils is seldom necessary 
ID directing the most beneiical application of them. It may be 
properi however, to offer a few general rules for judging of their 
purity. 

I. — Sulphur. 

Sulphur sh6uld be entirely volatilized by distillation in a glass 
retort. If any thing remain fixed, it must be considered as an im^ 
purity, and may be examined by the preceding rules. 

Sulphur, also, should be totally dissolved by boiling witli solution 
of pure potash, and may be separated irom its impurities by this 
alkali. 

Impure sulphur, consumed by burning in a small crucible, leaves 
a residue of oxide of iron and silex. 

II.— Coals. 

1. The proportion of bituminous matter in coal may be kn^ 

by distillation, in an earthen retort^ and cellecting their pcedad 



2. The proportion of earthv nr metallic ingredienlsTnay he Tntind, 
by burning the coal with access of air, on a red-hot iron. WltM 
remains unconaumcd must be considereil as an impurity, and may 
be analyzed by the foregoins rules. 

3. The proportion of carbon may be ascertained by observing 
the quantity of nitrate of polash which a given weight of the cod 
is capable of decompoaine. For this purpose, let 500 graitu, or 
more, of perfectly pure iflke be melted in a crucible, and, when 
red-hot, let Ihe coal to be^tamined, reduced to a coarse powder, 
be projected on the nitre, by small portions at once, not exceeding 
one or two grains. Immediately, when the flame, occasioned by 
one projection, has ceased, let another be made, and so on till the 
elfect ceases. The proportion of carbon in the coal is directly pro- 
portionate to the quantity required to alkalize the nitre. Thus, 
since la, T09 of carbon are required to alkalize 100 of nitre, it will 
be easy to deduce the quantity of carbon, in a given weight of coal, 
from the quantity of nitre which it is capable of decomposing. 
This method, however, is liable to several objections, which its in* 
ventor, Mr. Kirwan, seems fully aware of" 

Plumbago, or black-lead, is another inflammable substance, 
which it may sometimes be highly useful to be able to identify, 
and to judge of its purity. \^en projected on red-hot nitre, it 
should detonate; and, on dissolving the decomposed nitre, an oxide 
of iron should remain, amounting to one tenth ihe weight of the 
plumbago. Any mineral, therefore, that answers to these charac- 
ters, and leaves a shining trace on paper, like that of black-li!%4 
pencils, is plumbago. 



SECTION VI. 

Analyiia of Metallic Ores. 

The class of metals comprehends so great a number of indivi- 
duals, that it is almost impossible lo offer a comprehensive formula 
for the analysis of ores- Ores of the same meial, also, as the mine- 
ralizmg ingredients vary, require very different treatment, Yet 
some general directions are absolutely necessary, to enable the ta.- 
toralist to judge of the composition of bodies of this class. 

The ores of metals may be analyzed in two modes, in the htimid 
and the dry way. The first is effected with the aid of acids and of 
otherliquid agents, and may often he accomplished by persons who 
are prevented by the want of furnaces, and other necessary appa* 
ratus, from attempting the second. If sulphur, however, be pre- 
sent in an ore, which may be generally known by its external cha- 
ructeis, as described by mineralogical writers, it impedes the ac- | 

• Seeltisr.leiiirntaorMincralog'y. vol. ii. page SM. 



lion of acidr; and should be aeparaietl, cither hj roasting the ore 
on a muflle, or by piojeciing it, mixed with twice or thrice its 
weight of nili'e, into a red-hot crucible, washing off the alkali af- 
terwards by hot water. 

It is hat'dly possible to employ a solvent, capable of taking lip 
all the meuls. Tims, the nitric acid does not act on gold or pla- 
tinum; iind the niti-o-muriatic, which dissolves these metals, has 
no solvent action on silver, It will be necessary, therefore, to 
vary the solvent according to the nature of the ore under exami- 

1. For ores of gold and^/od'nuni, the nitro-muriatic acid is the 
most proper solvent. A given weight of the ore may be digesteil 
%nth this acid, as long as it extracts any thing. The solution may 
be evaporated to dryness, m order to expel the excess of acid, and 

k dissolved in water. The addition of a solution of rhuriate of tin 
^ll show the presence of gold by a purple precipitate-, and plati- 
num will be indicated by a precipitate, on adding a solution of 
muriate of ammonia. When gold and platinum are both containei! 
in the same solution, they may be separated from each other by 
tlie last-mentioned solution, which throws down the platinum, but 
not the gold. In tliis way platinum may be detached, also; from 
other metals. 

When gold is contained in a solution, along with several other 
metals, it may be separated from most of them by adding a dilute 
solution of sulphate of iron. The only metals, which this salt pre- 
cipitates, are gold, palladium, silver, and mercury. 

2. For extracting sil-uer from its ores, the nitric acid is the 
most proper solvent. Nitric acid, however, does not act on hom- 
ailverore, which must be decomposed by carbonate of soda. The 
silver may be precipitated from nitric acid by muriate of soda 
(common salt,) Every 100 parts of the precipitate contain 75 of 
silver. But, as lead may be present in the solution, and this me- 
tal is also precipitated by muriate of soda, it may be proper to im- 
merse in the solution (which should not have any excess of acid) 
2 polished plate of copper. This will precipitate the silver, it 
present, in a metallic form. The muriate of silver is also soluble 
ill liquid ammonia, which that of lead is not. For examples of the 
analysis of silver ores, the reader may consult Klaproth, vol. i. 
page 554, he. 

3. Co/i/ier ores may be analyzed by boiling them with five times 
their weight of concentrated sulphuric acid, till a dry mass is ob- 
tained, from which water will extract the sulphate of copper. 
This salt is to be decomposed by a polished plate of iron, im- 
Jnersed in a dilute solution of it. The copper will be precipitated 
in a metallic state, and may be scraped off and weighed. 

If silver be suspected along with copper, nitrous acid must be 
^employed as the solvent; and a plate of polished copper will detect 

^The reader, who engages in the analysis of copper ores, wilt 
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derive much advaiilage ftom the examples lo be fu'ind in Klap- 
roth's Eitsays, vol.i. page 34, 54 1, Ecc; and also froin Mr. Chen«- 
vix's paper on the analysis of arseniales of copper and iron, Phi- 
losophical Transactions, 1801, or Nicholson's Journal, 8vo. vol. 
i.; and from Vauquelin's remarks in Thomson's Annals, iv, 157. 

4. Iron area may be dissolved in dilute muriatic acid, or, if tha 
metal be too hig^bly oxidized to be dissolved by this acid, th«^ 
jiiustbe previously mixed with one eiijhth of their weight of pow- 
dered charcoal, and calcined in a crucible for one hour. The iroo 
is thus rendered soluble. 

The solution must then be diluted with 10 or 12 times its quan- 
tity of water, previously well boiled, lo expel the air, and must be 
preserved in a well-slopped glass bottle for six or eight days. The 
phosphate of iron will, within that time, be precipitated, if any be 
present; and the liquor must be decanted ofl". 

The solution may contain the oxides of iron, tnangajiesc, and 
zinc. It may be' precipitated by carbonate of soda, which will se- 
parate them all. The oxide of zinc will be taken up by a solution 
of pure ammonia; distilled vinegar will take up Uie manganese, 
and will leave the oxide of iron. From the weight of this, after 
ignition, during a quarier of an hour, 2H fier cent, may be deduct- 
ed. The remainder shows the quantity of iron. 

5. Tin ores. To that most accomplished analyst, Rlaprotb, we 
ewe the discovei7 of a simple and cfTcctual mode of analyzing tin 
ores in the humid way. 

Boil 100 grains, in a silver vessel, with a solution of 600 graiDs 
of p\ire potash. Evaporate to dryness, and then ignite, mode- 
rately, for half an hour. Add boiling water, and, if any portion 
remain undissolved, let it undergo a similar treatment. 

Saturate the alkaline solution with muriatic acid, which will 
thi-ow down an oxide of tin. Let this be re-dissolved by an excess 
of muriatic acid; again precipitated by carbonate of soda; and, be- 
ing dried and weighed, let it, after lixiviation, be once more dis- 
solved in muriatic acid. The insoluble part consists of silex. Into 
the colourless solution, diluted with two or three parts of water, 
put a stick of zinc, round which the reduced tin will collect. 
Scrape off the deposit, wash, dry, and fuse it under a cover of tal- 
low in a capsule placed on charcoal. A button of pure metallic 
tin will remain at the bottom, the weight of which, deducted from 
that of the ore, indicates the proportion of oxygen. 

The presence of tin in an ore is indicated by a purple precipi- 
tate, on mixing its solution in muriatic acid with one of gold in 
nitro-niuriatic acid. 

6. J.rad orei may be analyzed by solution in nitric acid, diluted 
with an equal weight of water. The sulphur, if any, will remiuii 
undissolved. Let the solution be precipitated by carbonate ^ 
soda. If any silver be present, it will be taken up by pure liquid 
ammonia. Wash off the excess of ammonia by distilled water; Mj^^ 
add concentrated sulphuric acid, applying heat, so that the ^^H 
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riatic acid may be wholly expelled. Weigh the sulphate of lead, 
and, after deducting 70 fier cent., the remainder shows the quan- 
tity of lead. 
' Muriaie of lead may also be separated from muriate of si|ver 
fcy its gi'eater solubility in warm water. From the solution, iron 
may he separated hy prussiaie of potash, and ihe solution decom- 
poied by sulphuric acid. 

7. Mercury may be detected in ores that are supposed to con- 
tain it, by distillation in an earthen retort with half their weight of 
iron fijings or lime. The mercury, if any be present, will rise and 
he condensed in the receiver. 

6, Ores of zinc may be digested with the nitric acid, and the 
part that is dissolved boiled to dryness, again dissolved in the acid, 
and again evaporated. By this means the iron, if any he present, 
will be rendered insoluble in dilute nitric acid, which will take up 
tbe oxide of zinc. To this solution add pure liquid ammonia, in 
«scess, which will separate the lead and iron, if any should have 
been dissolved, and the excess of alkali will retain the oxide of 
zinc. This may be separated by the addition of an acid, or by the 
evaporation of the solvent. 

9. jinlimonial ores. Dissolve a given weight, in three or four 
^rts of muriatic and one of nitric acid. This will take up the an- 
timony, and leave the sulphur, if any. On dilution with water, 
'ihe oxide of antimony is precipitated, and the iron and mercury 

remain dissolved. Lead may be detected by sulphuric acid.*> 

10. Orea qf arsenic may he digested with mti-o- muriatic acid, 
composed of one part nitric, and one and a half or two of muriatic 
acifl. Evaporate the solution to ane fourth, and add water, which 
wit!' precipitate the arsenic. The iron may afterwards be separa- 
ted by ammonia.t 

i 1 , Orea of biamutk are also assayed by digestion in nitric acid 
moderately diluted. The addition of water precipitates the oxide, 
and, if not wholly separated at first, evaporate the solution; after 
which, a further addition of water will precipitate the remainder. f 

12. Ores of cobalt may be dissolved in nitro-muriatic acid. 
Then add carbonate of potash, which at first separates iron and 
arsenic. Filter, and add a farther quantity of the carbonate, when 
a grayish red precipitate will tall down, which is oxide of cobalt. 
The iron and arsenic may be sepilrated by heat, which volatilizes 
the arsenic. Cobalt is also ascertained, if the solution of an ore in 
muriatic acid give a sympathetic ink.§ 

* See Klaproth on the Analysis of AntimoniateJ Silver Ore, vol. i. p. 5S0. 

t See Chenavix, Philosophicnl Trauiactiuiis, lUOl, pa^e SI 5. 

J See Aaalysis of an Ore of Bismuth and Silver, in Klaproth, vol. i. page 
5M( Mode of detectingr a small Quantity of Silver in Bismuth, pap: 230, c. 

i See chap. xik. sect- IT. — A,ii example at tlie analysis of ao ore of oo- 
balt may he seen in Idapi-ulb, vol, i. page 554; anrl df anipliato Ol 
Iiage 579- 
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I S. Ort-x of nickel. Dissolve them in nitric acid, and add-tl 
solution pure atnmoniat in sucb proportion that the alkali i 
considerably in excess. This will precipitate other tnctalsvaid* 
will retain the oside of nickel in solution, which may be obtaitied 
by evaporation to dryness, and heating the dry mass till the nitralc 
of ammonia has sublimed. 

U. Ores of mangancee. The earths, and several of the metals, 
contained in these ores, may first be separated by diluted nitnc 
aud, which does not act on highly oxidized manganese. The ore 
may afterward be digested with strong muriatic acid, which will 
take up the oxide of manganese. Oxygenized muriatic acid will 
arise, if a gentle heat be applied, and may be known by its peculiar 
smell, and by its discharging the colour of wet litmus paper aK< 
posed to the fumes. From muriatic acid'the manganese is preti- 
pitated by carbonate of aoda, in the tbrm of a white oxide^ wUcb 
becomes black when heated in a crucible. Ores, suspected to ccKl- 
tain manganese, may also be distilled /irr se, or with sulphutio 
acid, when oxygen gas will be obtained. Oxide of manganese laajr 
be separated fi'oni oxide of iron by solution of pure potaah, which 
takes up the former but not the latter.* 

Ores of manganese may also be distinguished by the colour Xhtf 
impart to borax, when exposed together to the blow-pipe.| 

15. Orfa of uranium. These may be dissolved in dilute nitnc 
acid, which takes up the uranitic oxide, and leaves that of iron; or 
in dilute sulphuric acid, which makes the same election; or, if any 
iron has got into the solution, it may be precipitated by bidc. 
Then add caustic potash, which throws down the oxide of zine ami 
uranium. The former may be separated by digestion in psn 
ammonia, which leaves, undissolved, the oxide of uranium. This, 
when dissolved by dilute sulphuric acid, affords, on evaporatioD, 
crystals of a lemon yellow colour. 

If copper be present, it will be dissolved, along with the zinc, by 
the ammonia. If lead it will form, with sulphuric acid, a salt ataei 
less soluble than the sulphate of uranium, and which, ou en* 
poratton, will therefore separate first. 

16. Ores ^ tungsten. For these the most proper treatmcBt 
seems to be digestion in nttro -muriatic acid, which takes up tbfl 
earthaand other metals. The tungsten remains in the form of a 
yellow oxide, distinguishable, by its becoming white on the addi- 
tion of liquid ammonia, from the oxide of uranium. To reduce 
this oxide to tungsten, mix it with an equal weight of dried blood* 
heat the mixture to reilness, press it into another crucible, which 
should be nearly full, and apply a violent heat for an hour at least. 

17. Ores q/" tiolybitena. Repeated distillation to dryness, with 
nitric acid, converts the oxide into an acid, which is insaluble in 

_ • See die aualj'sia of an ore of mBnE:anGse, I'/u humidS, io KlaprolliiV| 
i. pR(jeSIOi aadofacobaklc oreuf mang-anese, \n^e Sf" 
chs[>. xix. sect. 18; and also Thomson's Annuls, 
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nittic ftcid) and may tlms be separated from other metals, except 
iron) bom which it maj' be dissolved by aiilphitric or muriatic 
Kcidfl. The solution in sulphuric add is blue, when cold, but co- 
lourless, when heated. That in muriatic kcid is only blue, when 
the acid is heated and concentrated.* 

Respecting the ores of the remaining metals, sufEiclent informa- 
tion has been already given for the purposes of the general student, 
in part i. chap. sis. of this work; and they are of such rare occur- 
rence, that it is unnecessary to describe them more in detail. It 
may be proper, however, to state where the beat examples of the 
analysis of each may be found. 

18. Ores of titanium. Consult Gregor, in Joum. de Physique, 
xxxix. 72, I32i Klaproth, i. 496; and Chencvix, Nicholson's Jour- 
ual, V. 132. 

19. Orts qriellurium. See Klaproth, ii. 1. 

• 20. Orra of lanCatium. Ann. deChim. xliii. 2T6. 

21. Ores of chromium. Vauquclin, Ann. de Chim. xxv. 

22. Ores of cotumbium. Hatchett, Phil. Trans. 1802. 

23. Orta of fiatladium and rhodium. Wollaston, Phil. Trans, 
180S. 

24. Ores of iridium and osmium. Tennant, Phil. Trans. Ifl04. 

25. Ores of cerium. Hisenger and Berzetins, and Vauquelin, 
Nicholson's Journal, xii. 



SECTION VII. 

Analysis of Ores in the dry Way. 

To analyze ores in the dry way, a method which aflbrds the most 
satisfactory evidence of their composition, and should always pre- 
cede the working of large and extensive strata, a more complicated 
apparatus is required. — An assaying furnace, with muffles, cruci- 
bles, &c. is absolutely necessary. These have already been enu- 
merated in the chapter on Apparatus, and will be found described 
in the Explanation of ihe Plates. Much useful information re- 
specting the composition of minerals may, also, be gained from 
experiments with the blow-pipe. The moat ample directions for 
assays of this kind are given in a Memoir by Haussman, in the 
43d volume of the Philosophical .Magazine, and by Gahn in the 
1 1 th vol. of Dr. Thomson's Annals, p. 40. 

The reduction of an ore requires, frequently, previously roast- 
ing, to expel the sulphur and other volatile ingredients: or this 
may be effected, by mixing the powdered ore with nitre, and pro- 
jecting the mixlure into a crucible. The sulphate of potash, thus 

* See Hatchett's Aaalysis o! the Carintbtan Molybdateof Lead, Philo9«' 
pliical Transactions, 1796; and Elaproih, vot> i. pa<res n%l. Ii1ii< 
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Tgraiod, msj' be Washed off, and the oxide r 
subeequent experimwiis. 

Ag many of tlie melals retaifl their .exc;eTi bo Ibrcilily* tnsttR 
uppHcfdioii gf heat is incapable of expelling it, th« aJdiUon of hi- 
flammable matter becomes expeijieitt. Anrf, to enable the rtsduced 
panicles of metal to agglulin&te anil ronn a coltcctcd mass, instead 
of ecattcred grains, which would oihenviBe happen, some fusible 
ingredient must be added, through whichi when in {usioii, the r<^ 
duced metal may descend, and be collected at the bQttom of Aft 
crucible. Substances that answer botji these purpoiies are called 
jiu,xe». The alkaline and earthy pan of fluxes seFve also"anothef 
end, f f:, that of combimng with any acid which may be attached 
to a tnetal, ami >vhich would prevent its reduction if nut separated. 

The ores of different metals, and different ores of the same metiJ, 
require difTerent fluxes. To offer rules, however, for each indi- 
vidual case, would occupy too much room in this workt I shall, 
therefore, only st^tc a few of those fluxes that are most g^eucrally 
applicable. 

The black Jlux is formed, by setting fire to a mixture of one part 
of nitrate of potash, and two of acidulous tartritc of potash; which 
affurds an intimate mixture of sub-carbonate of potash, with a Kne 
light coal. tt-Tiiie Jiucc is obtained by projecting into a red-hot 
crucible equal parts of the same salts, Two parts of mupiatetiiE 
soda, previously dried in a crucible, one part of dry and powdero] 
lime, one part of fluate of lime, and half a part of charcoalj or 400 
parts of calcined borax, 40 of lime, and 50 of charcoal; or, two 
parts of pounded and finely sifted glass, one of borax, and half a 
part of charcoal, are all well adapted to the purpose of fluxes. The 
ore, after being roasted, if necessary, is to be well mixed with three 
or four times its weight of the fiux, and put into a crucible, with a 
little powdered charcoal over the surface, A cover must be luted 
on, and the crucible exposed to the necessary heal in a wind fur- 
nace. Ores of iron, as being difficultly reduced, require a ver>- 
inlensc fire. Those of silver and lead are metallized by a lower 
heal. The metal i» found at the bottom of ihe crucible, In the 
form of a round button. 

The volatile metals, as mercury, zinc, arsenic, tellurium, and 
osmium, it is obvious, ought not to be treated in the above tatof 
ner, and rtquire lo be liistilled with inflammable matters in fln 
earthen retort. ■ i 

For minute instniclions respecting the analysis of every speciw 
of ore, both in the humid and dry ways, I refer to the second ^ 
lume of Mr. Kinran's Mineralogy, ^nd to a Treatise on the Gene- 
ra) Piinciples of Chemical .Analysis, translated from the I'reneb.of 
Thenard, by Mr, Merrick. Various excellent cKamples, whjcll 
may be studied with gifeat tidvalitagoi may be found in the essaf* 
of Vauquelin, dispersed through the Annales de Chimiej in those 
""•- Hatchetl and Mr. Chenevix, in the Philosophical Transac- 
pof Dr. Kennedy, in Nicholson's Jotmtal; and of Mr. Klop- 
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roth, in the work already frequently referred to. It is only, indeed, 
by an attention to these, and to other models of chemical skill and 
accuracy, conjoined with practical imitation of them, that facility, 
or certainty, io the art of analyzing minerals can be acquired: and 
though general rules are, in tliis instance, of considei*able utility, 
it is impossible to frame any that, can be adapted to the infinite 
rariety which nature presents in the producCrons of the mineral 
kiogdom. 



\ 






ELEMENTS 



EXPERIMENTAL CHEMISTRY, 



-AGENTS TO VAHIOUS 



CHAPTER L 



When sudden death is suspected to have been occasioned by 
the administration of poison, either wilfully or by accident, the tes- 
timony of the physiciah is occasionally required to confirm or in- 
validate this suspicion. He may also be sometimes called upon to 
ascertain the cause of the noxious effects arising from the presence 
of poisonous substances in articles of diet; and it may therefore 
serve an important purpose, to point out concisely the simplest and 
most practicable modes of obtaining, by experiment, the necessary 
information. 

The only poisons, however) that can be clearly and decisively 
rietecled by chemical means, are those of the mineral kingdom. 
Arsenic, and corrosive sublimate,* are most likely to be exhibited 
with the view of producing death; and lead and copper may be in- 
troduced undesignedly, in several ways, into our food and drink. 
The continued and unsuspected operation of the two last may often 
produce effects less sudden and violent, but not Icaa baneful to 
health and life, than the more active poisons; and their operation 
genei-ally involves, in the peroicious consequences, a greater num- 
ber of sufferers. 



term arsenic, instead of the more properi 
f^iibhmate, for nuriale of mercury; because the foroier 
'c gtneraHy understood. 



acid; 



UIIKIOTEUT OF POISOKS. 
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Mtthoft ^dhcovrring Jntaic. 

When the cause of sudden death is believed, froii 
lonis preceding ii, lo be tlie adminiairalion ofarsenic, 
of ihe stomach musi be attentively examined. To elTect this, let 
a ligature be made at each orifice, the stomach removed entirely 
from itie bodjr, and Jm ^lole contents washed out into an e:u^lieii 
Of glass vessel. The arsenic, on account of its greater specific 
gravity, \vili_ settle to the bottom, and may be obtained separate, 
after washing off the other substances by repealed affusions of cold 
water. These washings should m)t be thrown away till the pre- 
sence of arsenic has been clearly ascertained. It may be expected 
at the bottom of the vessel in the form o£ a white powdeti whifih 
must be carefully collected, dried on a filter, and submitted to ex- 
periment. 

(A) Boil a small portion of the powder with a few ounces of dis- 
tilled water, in a clean Florence flask, and filter the solution. 

(SJ To this solution add a portion of'water, saturated with aul- 
ph u ret ed hydrogen gas. Ifarscnic be present, a golden yellow 
sediment will fall down, which will appear sooner, if a few drops 
of acetic acid be added. 

(C) A similar effect is produced by the addition of sulphuret of 
ammonia, or hydro -sulphuret of potash.* 

It is necessary, however, to observe that these tests are decoin- 
posed not only by all metallic solutions, bnt by the mere addition 
of any acid. But among these precipitates, Dr. Bo stock assures us, t 
the greatest part are so obviously different as not to afford a prqba- 
bility of being mistaken; the only two, which bear a close resem- 
blance to it, are the precipitate from tartarized antimony, and that 
separated by an acid. In the latter, however, the sulphur preserves 
its peculiar yellow colour, while the arsenic presents a deep shade 
of orange; but no obvious circumstance of discrimination can be 
pointed out between the hydi-o-sulphurcis of arsenic and of anti- 
mony. Hence Dr. Bosiock concludes that sulphureted hydrogen 
and its compounds merit our confidence only as collateral tests. 
They discover arsenic with great delicacy; sixty grains of water, tff 
which one gfain only of liquid sulphuret (hydrogureted sulphuret!) 
had been aildeil, was almost instantly rendered completely opaquf 
byono 80ih of a grain of the white oxide of arsenic in solution. 

(D] To a little of the solution (A) add a single drop of a weak 
solution ofcarbonatcof potash, and afterward a few drops of a solu- 
tion of sulphate of copper. The presence of arsenic will be mani- 

* See vol. i. pB^e 393, 

f- Edinburgh Medical and Surgical Journal, v. 16 
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feated by a yellowish green precipitate. Or boil a portion 
suspected powder wiili a dilute solution of pure potash) and 
this precipitate the sulpha.te of copper, when a similaj* appearance 
will ensue still more rernarkably, if arnenic be present. The colour 
ef this precipitate is perfectly characteristic. It is that of the pig- 
ment culled Scheele's green.* To idenllfy the arsenic with still 
greater certainty, it may be proper, at the time of making thi 
perimentaon a suspected subsiaiice, to perforin similar onca. 
standard of comparison, on what is actually known to he ars 
Let the colour, therefore, produced by adding an alkaline solution 
of the substance under examination, to a solution of sulpht 
copper, be compared with that obtained by ii similar adiliixture of 
a solution of copper withoncof reuL arsenic in alkali. 

The proportions, in which Ihediffcrentingrcdients are employed, 
Dr. Bostock has found lo have considerable influence on the dis- 
tincl exhibition of the effect. Those, which he has observed to an- 
swer best, were one of arsenic, three of potash (probably the sub- 
carbonate or common sail of tartar,} and iivc of sulphate of copper- 
For instance, a solution of one grain of arsenic, and three grains of 
ptotash, in two drachms of water, being mingled with another so- 
lution of five grains of sulphate of copper in the same quantity of 
water, the whole was converted into a beautiful grass green, from 
which a copious precipitate of the same hue slowly subsided, 
leaving the supernatant li(]uor transparent and nearly colourless. 
The same materials, except with the omission oT the arsenic, be- 
ing employed in the same manner, a delicate sky-blue resulted, so 
different from the farmer, as not to admit of the possibility of mis- 
take. In this way, one 40th of a_grain of arsenic, difl'used through 
sixty grains of water, afforded, ijy the addition of sulphate of cop- 
per and potash in proper proportions, a distinct precipitate of 
Scheele's green. In employing this test, it is necessary to view the 
fluid by reflected and not transmitted light, and to make the ex- 
amination by day -light. To renderthe effect more apparent, a sheet 
of white paper may be placed behind the glass in which the mixed 
Suids are contained.! 

(Ej The sediments, produced by any of the foregoing experi- 
Hienia, may be collected, dried, and laid on red-hot charcoal. A 
smell of sulphur will first arise, and will be followed by that of 
garlic. 

^F) A process for detecting arsenic has been proposed by Mr. 
Hume, of London, in the Philosophical Magazine for May, i 809; 
vol. xxxiii. The test, which he has suggested, is the fused nitrate 
of silver or lunar caustic, which he employs in the following man- 
■er:t 

Into a clean Florence oil fiask, introduce two or three grains of 
any powder suspected to be arsenic; add not leas than eight ounCr- 

t Lib. citaL p. I'f 
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mcasurcB of cither rain or distUIed walcr; and beat lliU gradually 
over a lamp or a clear coal fire, til! the solution begins to boil. 
Then, while it boils, frequently shake the flask, which ii>a]r be 
readily done by wrapping a piece of leather round its neck, of 
putting a glove upon the hand. To the hot solution, add a grun 
or two of sub-carbonatt of potash or soda, agitating tl viiole M 
make the mixture uniform. 

In the~ncxt place, pour imo an ounce phiat or l wine 

glass about two table spoonfuls of this solution, and preset, to 
the mere surfece of the fluid, a stick of dry nitrate of silver of 
lunar caustic, If there be any arsenic present, a beautiful yellcnr 
precipitate will instantly appear, which will proceed Froai tlut 
point of contact of the nitrate with the fluid, and settle towanb 
the bottom of the vessel as a floCculent and copious precipitate. 

The nitrate of silver, Mr. Hume finds, also, acts very sensibly 
upon arsenate of potash, and decidedly distinguishes this salt 
from the above solution or arseniie of potash; the colour of the 
precipitate, occasioned by the arsenate, being much darker and 
more inclined to brick-red. In l>oth cases, be is of opinion that 
the test of nitrate of silter is greatly superior to that of sulphate 
of copper; inasmuch as it produces a much more copious precipi- 
tate, when equal quantities are submitted to cxperiraeut. The 
teats he recommends to be employed in their dry statC) in prefer- 
ence to that of solution; and that the piece of salt be held on the 
surface only. 

A modified application of this test has since been proposed by 
Dr. Marcet, whose directions are as follow. Let the fiuid, sus- 
pected to contain arsenic, be lihered; let the end of a glass rod, 
wetted with a solution of pure aiflmonia, be brought into contact 
with this Huid, and let the end of a clean rod similarly wetted wlQi 
solution of nitrate of silver, be immersed in the mixture. If the 
minutest quantity of arsenic be present, a precipitate of a bright 
yellow colour inclining to orange will appear at the point of con- 
tact, and will readily subside to the hottom of the vessel. As this 
precipitate is soluble in ammonia, the [greatest care is necessary 
not to add an excess of that alkali. The acid of arsenic, with the 
same test, affords a brick-red precipitate.' — Mr. Hume, it may be 
added, now prepares hia teat by dissolving a few grains, say ten* 
of Ktnar caustic in nine or ten times its weight of distilled waten 
precipitating by liquid ammonia; and very cautiously adding liquid 
ammonia, till the precipitate is rcdisaolvcd, and no longer. To 
apply this test, nothing more is required than to dip a rod of glass 
into this liquor, aud apply it to the surface of a solution supposed 
to contain arsenic, which will be indicated by a yellow precipitate. 

Mr, Sylvester has objected to this test, that it will not produce 
the expected appearance, when common salt is present. He hau, 
therefore, proposed the red acetate of iron as a belter test of arse- 

■'MeJ.Cliir. Trans, ii. 13C. 
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it with wliich it forms a bright yellow deposit; or the acetute of 
(per, which affords a green pi-ecipitate. Of the two, he recom- 
mends the latter in preference, but advises that both should be re- 
sorted to in doubtful cases.* Dr. Marcel, however, has replied, that 
the objection arising from the presence of common salt is easily 
obviated; for if a little dilute muriatic acid be added to the sus- 
pected liquid, and then nitrate of silver very cautiously till the 
precipitate ceases, the muriatic acid will be removed, but the 
arsenic will remain in.salution, and the addition of ammonia will 
produce the yellow precipitate in its characteric form. It is 
scarcely necessary to add that the quantity of ammonia must be 
suflicicnt to saturate any excess of nitric acid which tlic fluid may 

A more important objection to nitrate of silver as a lest of arse- 
nic is, that it affords, with the alkaline phosphates, a precipitate of 
phosphate of silver, scarcely distinguiahable by its colour from the 
arsenite of that metal. (■ In answer to this, it is alleged by Mr. 
liumc,§ that the arsenite of silver may be discriminated by a ^urdy 
or flocculentsfigure, resembling that of fresh precipitated muriate 
of silver, except that its colour is yellow; while the phosphate 'vi 
smooth and homogeneous. The better to discriminate these two 
araenites, he advises two parallel experiments to be made, upon 
separate pieces of clean writing paper, spreading on the one a lit- 
tle of the fresh prepared arsenite, and on the other a little of the 
phosphate. When these are suffered to dry, the phosphate will 
gradually assume a black colour, or nearly so, while the arsenite 
will pass from its original vivid yellow to an Indian yellow, or 
nearly a fawn colou^. 

(Gj But the most decisive mode of determining the presence 
of arsenic, (wliich, though nut absolutely indispensable, should 
^ways be resorted to, when the suspected substance ca>', be oh' 
lained in sufRcient quantity) i^by reducing it to a metallic slate: 
for its characters arc then clear and unequivocal. For this pur- 
pose, let a portion of the white sediment, collected from the 
tents of the stomach, be dried and mixed with three times its 
weight of black flux (see p. ISO); or if this cannot be procured, 
with two parts of very dry carbonate of pblash (the salt of tartar 
^ of the ahops,) and one of powdered charcoal. Dr. Bostock finds 
jAt for this mixture we may advantageously substitute one com- 
^(CB^.sed of half a grain of charcoal, and two drops of oil, to a grain 
of the sediment. Procure a tube eight or nine inches long, and 
one fouith or one sixth of an inch in diameter, of thin glass, sealed 
hernietically at one end. Then put into the tube the mixture of 
the powder and its flux, and if any should adhere to the inner sur- 
face, let it be wiped off by a feather,, so that the inner surface of 
the upper part of the tube niay be quite clean and dry. Stop the 
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end or the tube loDscly. with a Hitle paper) atid licat I 
end oti\y, on ii clialfing'dish of red-hot coals, taking c 
breathing the fumes. The ai-senic, if present, will rise to the uppa 
pait of the mhc, on the inner surface of wbicli it will form a ibin 
brilliant coating;. Break the tube, nnd scrape ulf the reduced me- 
tal. Lay a little on a heated iron, when, if it be arsenic, a dcDse 
Rinoke will arise, and a strong smell of garlic will be perceired. 
The arsenic may be farther identiiied, by putting a small quantiiy 
between two polished plates of copper, surrounding it by powder- 
ed charcoal, to prevent its tscape, binding these tightly together 
bylron wire, and exposing them to a low red heal. If the in- 
cluded Bubatance be arsenic, a while stain will be left on the 
copper. 

(H) It may be proper to observe, ihat neither the atain on cop- 
per, nor the odour of garlic* is produced by the white oxide of 
arsenic, when heated without the addition of some inflammable 
ingredient. The absence of arsenic must not, therefore, be iofer^ 
red, If no smell should be occasioned by laying the white powder 
on a heated iron. 

Dr. Black ascertained, that all the necessary experiments, for 
the detection of arsenic, may bo made on a single grain of the 
white oxide; this small quantity having produced, when heated in 
a tube with its proper flux, aa much of the metal as clearly estab- 
lished itfl presence. 

II the quaniily of arsenic in the stomach should he so $mall, 
which is not very probable, as to occasion death, and yet to re- 
main suspended in Ihe washings, the whole contents, and the wa- 
ter employed lo wash Iheni, must be filtSred, and the clear Umwr 
assayed fm' nrtpnlr liu iiif- i^cisfRAfCA /n.'faii.i /f \ "^w- 
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Wrosive sublimate (the muriate of mercury,) next to ars^ 
is the most virulent of the metallic poisons. It may be collected 
by treating the contents of the stomach in the manner already de- 
Bcribedibutasit is more soluble than arsenic, -uj':. in about 19 times 
its weight of water, no more water must be employed than is 
barely sufficient, and the washings must be carefully preser*-ed 

If a powder should be collected, by this operation, which 
proves, on examination, not to be arsenic, it may be known to be 
corrosive sublimate by the following characters: 

(A Expose a small quantity of ii, without any admixture, to 
heat ill a coated glass tube, as directed in the treatment of ai-se- 
nic. Corrosive sublimate will be ascertained by its rising' to the 
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(B) Dissolve another portion in distilled water; and it may be 
proper to observe how much of the salt the water is capable of 
taking up, 

(CJ To the watery solution add a little lime-water, A precipi- 
tate of ail orange yellow colour will instantly appear- 

(D) To another portion of the solution add a single drop of a 
dilute solution of suh-carbonale of potash (salt or tartar.) A while 
precipitate will appear; but, on a still farther addition of alkali, an 
orange- coloured sediment will be formed. 

(E) The carbonate of soda has similar effects. 

(F) SulphureCed water throws down a dark -coloured sediment, 
which, when dried and strongly heated, is wholly volatilized, without 
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■osivc sublimate, Mr. Sylvester has re- 
of galvanism, which exhibits the mer- 
A piece of zinc wire, or if that cannot 
t three inches long, is to be twice bent 
the Greek letter n. The two 
legs of this figure should be distant about the diameter of a com- 
mon gold wedding-ring from each other, and the two ends of the 
bent wire must afterwards be tied to a ring of this description. 
Let a plate of glass, not less than three inches square, be laid as 
nearly horizontal as possible; and on one side, drop some sulphuric 
acid, diluted with about six times its weight of water, till it spreads 
to the size of a halfpenny. At a little distance from this towards 
the other side, neitt drop some of the solution supposed to contain 
corrosive sublimate, till the edges of the two liquids join togetlier; 
and let the wire and ring prepared as above be laid in such a way 
that the wire may touch the acid, while the gold ring is in contact 
with the suspected liquid. If the minutest quantity of corrosive 
Bnblimate be present, the ring in a few minutes will be covered 
with mercury on the part which touched the fluid. 

The only mineral poison of great virulence that has not laeen 
mentioned, and which, from its being little known to act as su:h, it 
is very improbable we should meetwith, is the carbonate of baryles. 
This, in the country where it is found, is employed as a poison for 
rats, and there can be no doubt would be equally destructive to 
human life. It may be discovered by dissolving it in muriatic 
ar.id, and by the insolubility of the precipitate which this solution 
yields on adding sulphuric acid, or sulphateof soda. Barytic salts, 
if those have been the means of poison, will be contained in the 
water employed to wash the contents of the stomach, and will be 
detected, on adding sulphuric acid, by a copious precipitate. 

It may be proper to observe, that the failure of attempts to dis- 
cover poisonous substances in the alimentary canal after death, h 
hy no means a sufhcient proof that death has not been occasioned 
by poison. Fir it has been clearlv established, by expprimf 
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made on animals, that a poison may be so complrtely evaciM 
lliat no traces of it shall be found, and yet that d«ath may c 
from the inflammation which it has excited. 
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CorPER and lead sometimes gain admission into nrticlca o 
in consequence of the employment of kitchen utensils of i 
maira-ials. 

I. If C01-FEB be suspected in any liquor, its presence will fa 
certained by adding a solution of pure ammonia, which will 
a beautiful blue colour. If the solution be very dilute, it i 
concentrated by evaporation; and if the liquor contain a con: 
hie e:(cess of acid, like that used to preserve pickles, as m 
the alkali must be added as is more than sufficient to saturata 
acid. In this, and all other experiments of the same kind, thefl 
should be viewed by reilecied, and not by transmitted light. 

II. Lead is occasionally found, in suf&cient quantity ti 
rious to health, in water that has been kept in leaden vesBelB*j| 
sometimes even in pump water, in consequence of this metal h 
used in the construction of the pump. Acetate of lead has % 
been known to be fraudulently added to bad wines, with the t( 
of concealing their defects. 

Lead may be discovered by adding, to a portion of the suspM 
water; about half its hulk of water impregnated with sulphun 
hydrogen gas. If lead be present, it will be manifested by a darii 
brown, or blackish, tinge. This test is so delicate, that water con- 
densed by the leaden worm of a still-tub, is sensibly affected by it 
It is also detected by a similar effect ensuing on the addition of sul- 
phuret of ammonia, or potash. 

"Bhc competency of this method, however, to the discovery of 
very jninute quantities of lead, has been set aside by the experi- 
ments of Dr. Lamhc,' the author ofa skilful analysis of the springs 
of Leinington Priors, near Warwick. By new methods of exa- 
mination, he has detected the presence of lead in several spring* 
waters, that manifest no change on the addition of the suJphureted 
test; and has found that metal in the precipitate, separated from 
such waters by the carbonate of potash or of soda. In operating 
on these waters. Dr. Lambe noticed the following appearances: 

(a) The test forms sometimes a dark cloud, with the preci- 
pitate afiected by alkalies, which has been re-dissolved in nitric 
wid. 

* See his "Reaearches into tlie Froperties of Spring Water." 8«j. Lore 
don. Jehnsoa. 180S. 



(6) Though it forms, in other cases, no cloud, the precipitate 
itself becomes darkened by the sulphureted test. 

(c) The lest farms a while cloud, treated with the precipitate as 
in (o). These two appearances may be united. 

{d) The test neither forms a cloud, nor darkens the precipitate. 

(e) In the cases (i), (c), (d), heat tie precipitate in contact with 
mn alkaline carbonate, to redness; dissolve out the carbonate by 
water; and treat the precipitate as in (a). The sulphureted test 
then forms a dark cloud with the solution of the precipitate. In 
these experiments, it is essential that the acid, used to re-dissolve 
the precipitate, shall not be in excess; and if it should so happen, 
that excess must be saturated before the test is applied. It is bet' 
ter to use so little acid, that some of the precipitate may remain 
undissolved. 

(/) Instead of the process (e) the precipitate may be exposed 
without addition, to a red heat, and then treated as in (a). In this 
case, the lest will detect the metallic matter; but with less certain- 
ty than the foregoing one. 

The nitric acid, ustd in these experiments, should be perfectly 
pure; and the test should be recently prepared by 'Saturating watct' 
with sulphureted hydrogen gas. 

Another mode of analysis, employed by Dr. Lambe, consists in 
precipitating the lead by muriate of soda; but as muriate of lead is 
partly soluble in water, this test cannot be applied to small portions 
of suspected tvaler. The precipitate must be, therefore, collect- 
ed, from two or three gallons, and heated to redness with twice its 
weight of carbonate of soda. Dissolve out the soda; add nitric 
acid, saturating any superfluity; and then apply the sulphureted 

t. Sulphate of soda would be found more effectual in this pro- 

a than the muriate, on account of the greater insolubility of sul- 

|iite of lead. This property, indeed, renders sulphate of soda an 

Jtccllent test of the presence of lead, when held in solution by 

FM^ds, for it precipitates that metal, even when present in very 

small quantity, in the form of a heavy white precipitate, which is 

not soluble by acetic acid. 

The third process, which is the most satisfactory of all, and is 
very easy, except for the trouble of collecting a large quantity of 
precipitate, is the actual reduction of the metal, and its exhibition 
in a separate form. The precipitate may be mixed with its own 
weight of alkaline carbonate, and exposed either with or without 
the addition of a small proportion of charcoal, to a heat sufficient 
to melt the alkali. On breaking the crucible, a small globule of lead 
will be found reduced at the bottom. The precipitate from about 
fifty gallons of water yielded Dr. Lambe about two grains of lead. 

For discovering the presence of lead in wines, a test invented 
by Dr. Hahnemann, and known by the title of Hahnemann's wine- 
test, may be employed. This test is prepared by putting together, 
into a small phial, sixteen grains of sulphuret of lime, prepared in 
the dry way (by exposing to a red heat, in a coi-ered crucible, equal ' 




weights of powUeied litre and sulphur, accurately tntiicdO and 30 
grains of acidulous tartritc of potash (cream of larlar.) The phial 
is to be filled with water, well corkedi and occasionally shaken br 
the space of ten minuiea. When the powder has subsided, decant 
ihe clear liquor, and presenc it, in a well-stopped bottle, for use. 
The liquor, when fresh prcpal'ed, discovers lead by a dark colour- 
ed precipitate- A farther proof ofthe presence of lead in wines is 
the occurrence of a precipitate on adding a solution of the sulphate 
of soda. 

The quantity of lead, which has been detected in sophisticated 
wine, may be estimated at forty grains of the metal in every fifty 
gallons.' 

When a considerable quantity of acetate of lead has been taken 
into the stomach (as sometimes, owitij; to its sweet taste, happens 
to children,) after the exhibition of an active emetic, the hydro- 
sulphuret of potash or of ammonia may be giveui or a solution of 
the common sulphuret. 

Mr. Sylvester has proposed the gallic acid as an excellent test of 
the presence of lead. t * 

In cases ottht accidental swallowing of sulphuric acid, which 
also sometimes happens to children, M- T'ourcroy recommendt 
the speedy administration of a solution of soap, or a mixture of 
carbonate of magnesia or carbonate of lime (common chaJk) ivitli 
water.t 

Oxalic acid has lately, in several instances, been taken by mis- 
take for Epsom salt, and hns invariably proved fatal. We have no 
experience of the best antidote to its effects; but it is pi-obable that 
this would consist in the imhiediate administration of carbgnate of 
magnesia, or, if neither of these be at hand, of chalk or wfaitcnin^ 
of calcined magnesia. At the same time, it will be proper to dilute 
the contents of ibe stomach by drinking copiously, and to end^ 
vour to excite vomiting by tickling the throat with a feather. TbeaA 
measures should be employed with the utmost prompiitudei for 
the deleterious action of oxalic acid appears to exceed in rapidly 
even that of arsenic. 



CHAPTER II, 



I, — Suljthuric- Mid, — Acidum Su/fi/iuricum of the Londtin ^ 
niaco/ieia, — Oil 0/ ViCriol. 

The specific gravity of sulphuric acid should be I.84S3, a 
Fahrenheit; when stronger, there is reason to suspect the pre 

* Lambe, page 175. f 33 Nicholson's Jnuranl, 310, 
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of sulphate of lead, or other impurities. It should remain per- 
fecily transparent when diluted with disiilled water. If a sediment 
occur, oil dilution, it is a prool of the pcesence of sulphate of lead. 
Ii-on may he detected in sulphuric acid, by saturating a portion 
of the diluted acid with pure caitonate of suda( and adding pmt- 
- siate of potash, which will manifest the presence of iron by a prus- 
siun blue precipitate; or it will be discovered by a. purplish or 
blackish tinge, on the addition of tincture of galls to a similarly 
saturated portion. Capper may be di'iCoTcrcd, by pouring, into a 
sioailarly saturated solution, pure solution of ammonia, which turns 
it blue; and lead may be delected by the aulphuret of ammonia, 
which causes a black precipitate. The latter metal, however, is 
for the most part thrown down on dilution, in combination with 
stilphuric acid. 

Sulphate of potash or of soda may be found by saturating the 
dililted acid with ammonia, evaporating to dryness, and applying a 
pretty strong beat. The sulphate of ammonia will escape, and that 
of potash or of soda will remain, and may be distinguished by ha 
solubility and other characters,' 

IJ.—Mtrie and Mtrotis jtcidsj — Midum Mtricunit P. L.—Agtia "I 
Forth. 

The nitric acid should be perfectly colourless, and as limpid as 
water. It should be preserved in a dark place, to prevent its con- 
version into the nitrous kind. 

These acids are most likely to be adulterated with sulphuric and 
muriatic acids. The sulpuric acid may be discovered by adding to 
a portion of the acid, largely diluted, nitrated or muriated barytesj 
whichwtlloccaaion, with sulphuric acid, a white and insoluble pre- 
cipitate. The muriatic acid may be ascertained by nitrate of silver, 
which affords a sediment, at first white, but which becomes colour- 
ed by Exposure to the direct light of the sun. Both these acids, 
however, may be picscnt at once; and, in this case, it will be ne- 
cessary to add a boluiion of nitrate of barytes, as long as any pie- 
cipitate falls, which will separate the sulphuric acid. Let the sedi- 
ment subside, decant the clear liquor, and add the nitrate of silver. 
If a precipitate appear, muriatic acid may be inferred to be pre- 
sent also. Muriatic acid may, also, be detected by adding a sol^ 
Uon of sulphate of silver. 

These acids in their moat concentrated state should have tlie 
specific gravity uf 1.300; but they are seldom fond so heavy. 

Ill Muriatic Acid, — Acidum MuriaHcum, P. L.— S/iiriC of SalU 

This acid generally contains iron, which may be known by its 
yellow colour; the pure acid being perfectly colourless. It may 



also be detected by the siune inoJe as vras recommended ii 
amining sulphuric acid, 

Sulphuric acid is discoverable by a pi'ecipitation, on adding, M^ 
portion of the acid, dilui«d with five or six parts of pure water, ■ 
tiVUilionorthe muriate of barytes. 

The specilic gravity of this acid should be 1.170. That of coib' 
merce is generally from 1.IS6 to 1.160; and the latter numberde- 
Dotes the strength of acid prepared according to the Londoo Phar- 
Tnacopsia. 



rV.—Jcetic Jleidf—Midun 



Acetic um, — Radical t 
Vinegar. 



Coneentrattd 



This acid is often contaminated by sulphurous and sulphuric 
acid. The first may be known by drawing a little of tlie vapour 
into the lungs, when, if the acid be purC) no unpleasant sensation 
will be felt; but, if sulphurous acid be contained in the acetic, it 
will not fail to be discovered in this mode. The sulphuric acid is 
detected by muriated barytes; copper, by supersaturation with pure 
ammonia; and lead, by sulphuret of ammonia. 

The specLJic gravity of this acid should be 1.060 at least; but, as 
1 have already stated, its acidity docs not keep pace with its 
tity. 
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V. — Acetous Acid, — Acidum Accticum, P. L. — Distilkd Ftnt 

If vinegar be distilled in copper vessels, it can hardly fail of b«- 
ing contaminated by that metal; and, if a leaden worm be used for 
its condensation, some portion of lead will certainly be dissolved. 
The fonner metal will appear on adding an excess of solution of 
pure ammonia; and lead will be detected by the sulphureted am- 
monia, or by water saturated with sulphureted hydrogen. (See the 
preceding chapter.) The strength of distilled vinegar ought, ac- 
cording to Ml'. R. Phillips, to be such, that a fiuid-ounce shoultl 
decompose 13.8 grains of carbonate of lime. 

It is not unusual, in order to increase the acid taste of vinegar, to . 
add sntph'jric acid. This acid may be immediately discovered t^ 
solutions of baryies, which, when vinegar has been thus aduhr 
ted, throw down a white precipitate. 
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Vr. — Bs'ocic Acidy — Sedative Salt of Hombe 

Genuine boracic acid should totally dissolve in five times its 
weight of boiling alcohol; and the solution, when set on fire, should 
emit a green Bame. The best boracic acid forms small hexangular 
scaly crystals of a shining silvery white colour. Its specific gravity 
is 1.480. 

VII. — Tartaric Acid. 

^B acid often contains sulphuric acid; to discover which, let a 
B be dissolyed in water, and a solution of acetate of lead be 
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added. A precipitate will appear, which, if the acid he 
entirely re-dissolved hy a few drops of pure nitric acid, or by 
tle pure acetic acid. If any portion remain undissolved, sulpbudc 
acid is the cause. Muriate of barytes, also, when the acid is adul- 
terated with sulphuric acid, but not otberwise, gives b precipitate 
insoluble by aA excess of pure muriatic acid- 
VlU.—jfcid iff Amber. 

Acid of amber is adulterated, sometimes with sulphuric acid 
and its combinations; sometimes with tartaric acid; and at others 
with muriate of ammonia. 

Sulphuric acid is detected by solutions of barytes; tarloric acid 
by the cautious addition of carbonate of potash, whicli forms x 
difficultly soluble bi-inrtrate; and muriate of ammonia by nitrate 
of Sliver, which discovers the acid, and by a aolmioD of pure pot- 
ash, which excites a strong smell of ammonia. 

Pure acid of amber is a trystalliue white salt of an acid taste, 
soluble in twenty-four parts of cold or eight of hut water, and ia 
volatilized, when laid on red-hot iron, without leaving any ashes 
or other residue. 

I'^.—Mid <if Benzoin,— Acidum Bcnzoieum, P.L. 

This acid is not very liable to adulteration. The best has a bril- 
liant white colour and a peculiarly grateful smell. It is soluble 
in a large quantity of boiling water or alcohol, and leaves no resi- 
due when placed on a healed iron. 

X. — Sub-carbonate of Polas/i, — PoCasait Suicarboriaa, P, L, 

The salt of tartar of 'the shops generally contains sulphate and 
muriate ofpotash, and siliceous and calcareous earths. It should 
dissolve entirely, if pure, in twice its weight of cold water: and 
any thing that remains undissolved may be regarded as an impu- 
rity. Sometimes one fourth of foreign mixtures may thus be de- 
tected, the greater part of which is sulphate of potash. To as- 
certain the nature of the adulteration, dissolve a portion of the 
sediment in pore and diluted nitric acid; the siliceous earth only 
will remain undissolved. Add, to one part of the solution, nitrate 
of barytes: this will detect sulphate of potash by a copious preci- 
pitate. To another portion add nitrate of silver, which will dis- 
cover muriatic salts; and, to a third, oxalate or fluate of ammonia, 
wliich will detect carbonate of lime. 

The solution of sub-carbonate of potash (liquor fioiasax aiib- 
carbonaCit, P. L.) may be examined in a similar manner. 

XI. — Solution o/pure Palath.^— Liquor Polaaax, P. L. 

This may be assayed, for sulphuric and muriatic salts, by satu- 
ration with nitric acid, and by the tests reco:nmended in speaking 
of carbonate of potash. A perfectly pure solution of potash should 
remain transparent on the addition of birytic water. If a precipi- 
tate should ensue, whkh dissolves with effefvescencc in dilute 
moriatic acid, it is owing to the presenre of cai-bopic aei3! IF thfl! 
Vol.. II,— 3 A 
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Dlvli^CTION OF ADULXEBATIONS- 

jirccipiiale is uot swluhle, it indicates siilplmric acid. 
(Iboi:)' of carbonic acid is al^n shown by an effervescence, on 

ij^ diluted sulphuric aciil) and an excess of lime by a white 
cipitale, on blowing nir From the lungs, through tbc solaiioi 
means of a tobacco -pipe, or a glass tulie. 

This solution shoulfl be of such a strength, ai ibi 
wine-pint may weigh 13 ounces iroy. 

Xll. — Sub-carbattate of Scida, — Sode Subearbonasy P. i. 

Carbonate of soda is scarcely ever found free from muriate and 
sulphate of soda. These may be discovered by adding, to a little 
of the carbonate satiiraled with pure nitric acid, first nitrate of 
baryles, to detect sulphuric acid, and afterward Adding to the fil- 
tered liquor a few drops of solution of nitrate of silver, to ascer- 
tain tlie presence of muriatic acid; or the latter impurity will be 
indicated at once by a solution of sulphate of silver- Carbonate 
uf potash will he shown by a precipitate ensuing on ihc ^ddUii 
of taitarous acid to a strong solution of the alkali; for, this 
forms a difficultly soluble salt with potash, but not with 
XIll. — Solulion af C^g^rbonate of Ammonia, — Liquor -^tm 
Carbonatia, P. L. 

This should have the specific gravity of t.!50; should cfTerveseft 
on the addition of acids; and should afford a strung coagulum on 
adding alcohol. 

XIV.— Cnrflonaif of ■Ammtniar—AmmQnig Curbonai, P. 1.. 

This salt should be entirely volatilized by heat. If any thing 
remain, when it is laid on a heated Iron, carbonate of potash or of 
lime may be suspected; and these impurities are most likely to be 
present if the carbonate of ammonia be purchased in the form of 
a powder. It should therefore always be bought in solid lumps. 
Sulphuric and murialic salts, lime, and iiMDn, may be discovered 
by adding to the alkali, saturated with nitric acid, the appropriate 
tests already often mentioned. 

XV. — Solution of fiurc Ammonia in TValerf^Lii/uor Ammoniir, 
P. L Strong Spirit of Sat Ajnmoniac. 

The volatile alkali, in its purest state, exists as a gas condcnsi- 
hle fay water, anti its solution in water is the only form under 
which it is applicable to useful purposes. This solution should 
contain nothing besides the volatile alkali; the alkali should be 
perfectly free from carbonic acid, and should be combined with 
water in the greatest possible proportion. The presence of oilier 
salts may be discovered by saturating a portion of the solution 
with pure nitric acid, and adding the tests for sulphuric and mu- 
riatic acids. Carbonic acid is shown by a precipitation on mixing 
the solution with one of muriate of lime; for this earthy salt is not 
precipitated by pure ammonia. The experiment should he made 
'ii a closed vial; for the volatile alkali, by CKposure to the air, 
uickly gains carbonic acid enough to become a precipitant of 
"'Tarcoiis solutions. The beslmotk of determining the strength 
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if the solution is by lakiiig Us specific giaviiy, which, nl SO" Fah- 
renheit, should be as 90S, or ihereabouts, to 1000. That of the 
'.rfindon Pharmaeopccia (edit. 18IS) has the specific Eravity of 
^JfiO; and is, therefore, of very inferior strength. 
Wl.— Spirit of Harishom. 
This may be counterfeited by mixing the aqua aiawonite pura 
,with the distilled spirit of hartshorn, in order lo increase the ptin- 
geticy of its smell, and lo enable it to bear an addition of water. 
_^ The fraud is detected liy adding alcohol ,lo the sophisticate;! spi- 
if no considerable coagulation ensues, the adulter/tion is 
It may also be discovered by the usual effervescence not 
jnsuing with acids. The solution should have the specific gravity 
f 1500. 
SXVII.— Sa//;AnIr of Soda,'-Soda Sulfihas, P. L.~Giaubcr's Salt. 
salt ought not lo contain an excess of either acid or alkali) 
i loth of which may be detected by the vegetable infusions, p, 3o8, 
oD9. Nor should it be mixed with earthy or metallic salts, the 
Former of which Hre detected by carbonate, and the latter by prus- 
siate of potash. Muriate of soda is discovered by adding nitrate 
of bai-ytes till the precipitate ceases, and afterwards nitrate of sil- 
ver, or more simply by a solVition of sulphate of silver. Sulphate 
of potash is discovered by its more sparing solubility. The sul- 
phate of soda, however, being itself one of the cheapest salts, there 
is little risk of its being Intentionally sophisticated. 
Ji\lU.—Sulfi/ial£ qf Potash,— Potaaax Sul/ihas, P. L.— yitriola- 
^L ted Tartar. 

The purity of this salt may be ascertained by the same means' 
as that of the former one. The little value of this salt renders it 
pretty secure from wilful adulteration. 

XIX. — Mirate of PQtaak,~Potuss£ J^tras, P. L. — Mire or 
Salt Pelre. 
Nitrate of potash is, with great difficulty, freed entirely from 
muriate of soda; and a small portion of the latter, except for nice 
rhemical purposes^is an admixture of little importance. To dis- 
cover muriate of soda, a solution of nitrate of silver must be added 
as long«9 any sediment is produced. The precipitate, washed 
and dried, must be weighed. Every hundred grains will denote 
about 42J ofmuriateof soda. 

Sulphate of potash or soda may be discovered by nitrate or . 
muriate of barj'tes. I 

SX,— Muria/c of Soda y— Common Salt. 
Common salt is scarcely ever found free from salts with earthy 
bases, chiefly muriates of magnesia and lime, which are contuned 
in the brine, and adhere to the crystals. The earths may be pre- - 
cipitaied by carbonate of soda, and the precipitated limp and mag- 
nesia may be separated from each other by the rules g' — " 
P^c 337. 
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it Uic adulicmioa niau Kkely lo be enpfered. Tki» kw hedi» 
corercd bf uUtsg m tolatMMi of tanaric acid, wticb, if the en- 
pectcd kiU be present, will occasioB a copioot preeipi^ste. Tbe 
tannic H aJto detected bf its foncing, with acetate of lead oratt- 

riaie of barytca, a precipitate loIuMc ia acetic at tai ' ' 
and aalphatc*, by a precipitate with tkc same a^attk, 
(ho*e acMt*. 



Tbi* aalt shOTild afford a very aif»ie>nH precipitate on a 
twtnik acU- The oiilv hU likely to be mixed with it b s 
ortoda, which tna* be detected by a precipitate witb ■ 
barytea. insoluble in diluted murialic a*^ 
XXJV. — ^eid.Jaut Tartrate c/ Potath, — Poia**€ Safin 
P. L. — Cream ^f Tartar, 

The onlj tubstance with which ihia salt ia likely to be adnhe- 
rated is mtlphate of polash. To detenuiDe whether this be pre- 
senti pour, oti about half an ounce of the powdered ci-y&tal&, two 
or throe ounce Dieasures of distilled wulen shake the mixture fre- 
(jucRiif I atid let it tiand one of two hours. The sulphate of pot- 
ash, being more soluble ihan the tarirate, will be taken up; aad 
may be known by the hitter laiitc of ihe solution, and by a preci^.> 

late, Oil adding muriate of barytes, which will be insoluble in (T^ 

riaticaci'l. 

XXV.— C'um/io«n(/ Tartrate of Soda and Patai/i,—Soda~Tari 
Zaia, P. L. — RorheiU or Seigntlte's Salt. 

Sulphate of soda, the only salt with which this may be ejected 
to be adulterated, is discovered by adding to a solution of Rochelltt 
salt the aretate of lead or muriate of barytes. — The former, if the 
lulphnte be pr*;i>ent, afTords a precipitate insoluble in acetous acid, 
and the latiLT one insoluble in muriatic acid. 

XXVI. — Sulfihote of MagnesLf-MagnesIa Sulfihat, P. L.— 
Efiaotn Salt. 

This salt is very likely to be adulterated with sulphate of soda, 
- Glauber's s»lt, which may be made to resemble the magnesiait 
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CHAP. u. DETEunoN of AnL*t.tEii*TioNs. 

salt in appearance) by stirring it briskly at the moment when it is 
about to ci'yBtaliize. Tlie fraud may he discovered very readily if 
ihe salt consist entirely of the sulphate of soda, because no preci- 
pitation will ensue on adding carbonate of potash. If only a pact 
^ the Bah be sulphate of soda, detection is not so easy, but may 
soil be accomplished; for, since 100 parts of crystallized eulphatc 
of magnesia give between 35 and 36 of the dry carbonate, when 
completely decomposed by about 57 of sub-carbonate of potash, if 
tli« salt under examination afford a considerably less proportion, 
its sophistication may be fairly inferned; or, to discover the sulphate 
of soda, precipitate iJl tht magnesia by pure ammonia, with the 
aid of heat. Decant the clear liquor fi-om the precipitate, filler it, 
and, after evaporation to dryness, apply such a heat as will vola- 
tilise the sulphate of ammonia, when that of soda will remain fined, 
and every It) grains of the dry residue indicate about 22} of 
crystals. 

Muriate of magnesia or of lime may be detected by the salt be- 
coming moist when exposed to the air, and by a precipitation with 
nitrated silver, after nitrate of barytes has separated all the sulphu- 
ric acid and magnesia, or by fumes of muriatic acid arising on the 
adtlitioDQf a little sulphuric acid. These, if in very small quantity, 
■will be made apparent by a stopper moistened with liquor of am- 
monia. Lime is discoverable bya wliite precipitate on Ihe addition 
of liquid carbonate of ammonia. 

WVlL—Sitl/ihale of Jllumi7te,—Alum. 

Perfectly pure alum should contain neither iron nor copper. 
The former is manifested by adding, to a solution of alum, pms- ■ 
slate of pcrtash, and the latter by -toy excess of pure ammonia. 
XXVin. — Borate of Soda, — Suda Boras — P. L. — Borax. 

Borate of soda, if adulterated at all, will probably be so with aluni 
or fiised muriate of soda, To discover these, borax must be dis- 
solved in woter, and its excess of alkali be saturated with nitric 
acid. Nitrate of barytes, added to this saturated solution, will de- 
lect the sulphuric salt, and nitrate of silver the muriate of soda. 
XXIX,— ^zi/Ma'e of Ironf—Ferri Sulfihas, P. L. — Green Vitriol. 

If this salt should contain copper, which is the only admixture 
likely to be found in it, pure ammouiA, added till a precipitation 
ceases, will afford a blue liquor. Any copper that may chance to 
be present, may be separated and the salt purified, by immersing 
in a solution of it a clear polished plate of iron, 
XXX.— G/a«« qf jiitCimony. 

A large quantity of glass of lead was lately introduced int 
linden market, as glass of antimony. To discover this crL 
imposition, whenever it may be practised, the following dialinctive 
characters of the two substances have lately been described by 
Mr. Luke Howard." 

' Pbllo5D[ihical Magazine, ixsv- 230. 





Glass of antimony lias a rirh bi-own or rciltlish colour, 
usual ti'ansparcucy of coloured glasses. Tlie gla 
a deeper and duller colour againsi the Uglit; is much less 
rent; and even in some samples, quite opaque. 

The specific gravity of ilie true never exceeds 4.9Sj that of Qu 
spurious or lead glass is G.95; or, in round numbers, their compa^ 
rative weights arc as 5 to 7. 

Let tvfenty grains be rubbed fine in a glass mortar, adding half 
an ounce of good muriatic acid. The true dissolves with an hepa> 
tic smell; the solution is turbid but has no sediment. The spurious 
turns the acid yellow, giving out an osVmuriatic odourj and leans 
much sediment. 

Let a little of each solution be separately dropped into water. 
The true deposits oxide of amimony in a copious white coagulun^ 
or, if the waicr has been previously tinged with sulphurei of •«• 
luoniH; in a fipe orange precipitate. The spurious gives no pi»- 
cipitate in water, and, in the other liquid, one of a dark browii or 
olive colour. 

A solution of the spurious in distilled vinegar has a sweet tastei 
together with the other properties of aeeiate of lead. 

A very small mixture of the spurious may be detected by its^B- 
bssing, more or less, the bright orange colour of the precipitsle 
tiirown down by the sulphurei of ammonia from the solulionin 
any acid. 

The samples of the spurious, liithci-to detected, are of a much 
thicker and clumsier cast than the genuine; but the appearance ii 
not to be trusted and no specimen should be allowed to pass wift- 
out a trial either of the specific gravity or chemical properties. 
XXXI. — Tartarized jiritimont/y — ^nlimonium TarCarizal 
P. L. — EmeCic Tartar. 

A solution of lliis salt should afiord, with acetate oflead, 
cipitate perfectly soluble in dilute nitric acid. A Few dropa 
sulphuret of ammonia, also, should immediately precipitate 
coloured sulphuret of antimony. 

XXXII. — Muriate qf Afercur'J, — Hydrargyri Oxyi 
e Sublimate. 



If there be any reason to suspect arsenic in this salt, the a 
lure, (which, however, is not likely to be practised except wi 
intention of its acyng'as a poison) may be discovered as fold 
Dissolve a small quantity of the sublimate in distilled water; adds 
solution of carbonate of ammonia till the precipitate ceases, and 
filter the solution. If, on the addition of a few drops of ammoniated 
copper' to this solution, a precipitate of a yellowish green colour 
is produced, the sublimate contains arsenic. 

XXXIII. — SuA-murialc qf J\lrrcitry, — Hydrargyri Sud-murtaa, 

P. L.~Calomrl. 

Calomel should be completely saturated with mercury. This 

* Prepaied by digesting alittleTCTdeETO in the sfllutioaorpureamrnimnu 
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may be ascertained by boiUn^> for a few minutes, one part of calo- 
mel vtith one 32d part of muriate of ammonia (sal ammoniac) in 10 
parts of distilled water. When carbonate of potash is added to the 
liUered solution, no precipitation ^i II ensue If the calomel be pure. 
, This preparation, when rubbed in an earthen mortar with pure am- 
|HMia, 3h9uld become intensely black, and should exhibit nothing 
^Bn orange hue. 

^BkXXIV.— ilfercuJ-y, or Quirkaitvcr^—Hydrafsyrus, P. L. - 
^mcarccly any substance is so liable Co adulleration as mercury,* 
I «wing to the property which it possesses of dissolving completely 
some of the baser metals. This union is so sti-ong, that they even 
rise along with the quicksilver when distilled. The impurity of 
mercury is generally indicated by its dull aspect; by its tarnishing 
and becoming covered with a coat of osiilc, on long exposure to 
the air; by its adhesion to the surface of glass; and, when shaken 
with water in a bottle, by the speedy formation of a black powder. 
Lead and tin are frequent impurities, and the mercury becomes 
capable of taking up more of these if zinc or bismuth be previously 
added. In order to discover lead, the mercury may be agitated 
with a little water, in order to oxidize that metal. Pour off the 
water, and digest the mercury with a little acetous acid. This will 
dissolve the oxide of lead, which will be indicated by a blackish 
precipitate with sulphureted water. Ot) to this acetous solution, 
add a little sulphate of soda, which will precipitate a sulphate of 
lead, containing, when dry, 72 per cent, of meial. If only a very 
minute quantity of lead be present, in a large tjuantity of mercury, 
it may be detected by solution in nitric acid and the addition of, 
sulphureted water. A dark brown precipitate will ensue, atid will 
subside if allowed to stand a few days. One part of lead may thus 
be separated from 15263 parts of mercury.* Bismuth is detected 
by pouring a nitric solution, prepared without heat, into distilled 
water; a white precipitate will appear if this metal be present. Tin 
is manifested, in like manner, by a weak solution of niiro-rauriate 
of gold, which throws down a purple sediment; and zinc, by ex- 
posing the metal to heat. 

XV. — Red Oxide of MeTCury,—'HydraTgyTi 0:rydum Ru- 

brum, P. L. 
Siis substance is rarely found adulterated, as it would be diffi- 
find a substance well suited to this purpose. If well pre- 
pared, it may be totally volatilized by heat. 

XXXVI.— Werf Oxide of Mercury by JVitric Midi^Hydrarsyri 

Mlrico-Oxydum, P. L.—Red Precipitate. 

This is very liable to adulteration with minium, or red lead. The 

fraud may be discovered by digesting it in acetic acid, and adding 

to the solution sulphureted water, or sulphuret of ammonia, cither 

of which produces, with the compounds of lead, a dirty dark co- 

* See Mr. Accum'a valuable papers on llie fli-l^t-tinn nf ail'iltpratioai, in 

Nicholson'fi Journal, 4to. 
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loured preeipitate; or by adding sulphale of sods, which ti 
ilown sulphate of Ica'd. This oxide ought to be idially volatfl 
by heat. 

XXXVn.— While Oxide a/Mercitry, — Nydrargyrua Prxci/tUalut 
Albua, P. L. — IVhiie Precijiilate. 

White lead is the most probable adultei-ation of this substance, 
and chaJk may also be occasionLiHy mixed with it. The oxide of 
Wd may be discovered as in the last article; and chalk, by adding 
lb the dilute solution a little oxalic acid. 

XXXVIII. — Sfrf Su/fihurelrd Oxide of Mercury, — Hydrurg^ri 
Hul/i/iureium Jiubruni, P. L. — Factitious Cinnabar. 

This substance is frequently adulterated with red lead, wllkh 
may be detected by the foregoing rules. Chalk and dragon's blood 
are also sometimes mixed with it. The chalk is discovered by an 
effervescence on adding acetic acid, and by pouring oxalic acid 
into the acetous solution. Dragon's blood will be left unvotmitised 
when the sulphuret is exposed to heat, and may be detected by its 
giving a colour to alcohol, when the cinnabar is digested with it. 
XXXIX Black Su/Ji/iureled Oxide of Mercury^ — Er/iiD/i» Mi- 

The mercury and sulphur, in this preparation, should be so tn- 
timately combined, that no globules of the metal can be discovered 
by a magmfier; and that, when rubbed on gold, no white stain may 
be communicated. The admix.ture of ivory -black may be detected 
by its not being wholly volatilized by lieaii ori by boiling with al- 
kali to extract the sulphur, and afterwards exposing the rcsidoun 
to heat, which ought entirely to evaporate. 

XL Yel!o:ii Ojride or Sub-aulfihatc af Mercury, — /liftira* 

Vitriotatue-, P. L. — Turbith Minertil. 

This preparation should bo wholly evaporable; andivrlien t 
ed with distilled water, the water ought not lo tak« up any ai 
ric acid, which will be discovered by muriate of barytea 
"^lA-^Fiised J^itrale of S\l-ctr,—Argena Nilraa, P. 1 
Cauitic. 

The most probable admixture with this substance is nilt 
copper, derived from the employment ofan impure silver, 
derate proportion this is of liicic importance. It may beascef 
by solution in water, and adding an excess of pui'eammonia.^ n 
will detect copper by a deep blue colour. 

The watery solution of lunar caustic, when mingled witli o 
common salli should give a copious curdy precipitate. 
XLII — White Oxide of Hiiic—Zinci Oiydu ?n, P. L.—P/on 

Oxide of zinc may be adulterated with chalk, which ii 
able by an effervuaeeuce with acetous acid, and by the precipLtBlion 
efthis soJinioii with oxalic acid. Lead is detected by adding, to 
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s solution, sulpbureted water, or sulplitirai of ammouia. 
Arsenic, to which the activity of this medicine has been son 
times ascribed, is detected, also, hy solphureted water, added to 
the acetous solution: but in this case the precipitate has a ytMoif 
colour, and, when laid on red-hot charcoal, gives first a smell of 
^^ulphtiv, and afterivards of arsenic. 

XLIII. — ll'Jiitr Oxiiie of Lead, — Plumbi Carbonaa, P. L. — 
White Lead, 
This is frequenllj' sophisticated with chalk; the presence of 
which may be delected by cold acetous acid, and by adding, to 
this solution, oxalic acid. Carbonate of barytea is detected by 
sulphate of soda added to the same solution, very largely diluted 
with distilled water; and sulphate of barytcs, or sulphate of lead, by 
tfae insolubility of the cerusse in boiling distilled vinegar. 

Xl.IV.— Su^cractwre q/" Lead, — Pluiabi tiufieracetaa, P. L.-~ 
Sug'ar afl.rad. 
If the acetate of lead should be adulterated with acetate of lime 
or of barytes, the former inay he detected by adding, to a dilute 
solution, the oxalic acid; and the latter by sulphuric acid, or solu- 
tion of sulphate of soda, added to a solution very largely diluted 
with water. Acetate of lead ought to dissolve entirely in water, 
and any thing that resists solution may be regarded as an impurity. 

XLV.— Grcci Ojidc,or Sub-acetate of Cotitier,—JErugo, P.L.—. 
Vcrdegrig. 
This substance is scarcely ever found pure, being mixed with 
pieces of copper, grape-stalks, and other impurities. The amount 
of this admixture of insoluble substances may be ascertained by 
boiling a portion of venlegris with 13 or l'4 times its weight of 
distilled vinegar, allowing the undissolved part to settle, and as- 
certaining its amount. Sulphate of copper may be detected by 
boiling the verdegris with water, and evaporating the solution. 
Crystals of acetate of copper will first separate, and, when the so- 
lution has been farther concentrated, the sulphate of copper will 
crystallize. Or, it niay be discovered by adding to the watery so- 
lution muriate of barytes, which will throw down a very aljundant 
precipitate. Tartrate of copper, another adulteration sometimes 
met with, is discovered by dissolving a little of the verdegris in 
acetous acid, and adding acetate or muriate of barytes, wliich will 
afford, w'itb the tartarous acid, a precipitate soluble in muriatic 

XLV.— Cryafo/Wzed Acflate qf Colifier,~DiatiUed or Crystallhed 
rerdegrU. 
This is prepared by dissolving the common verdegris in dis- 
tilled vinegar, and crystallizing the solution, Ti(ese crystals 
should dissolve entirely in six tiifies their weight of boiling water, 
and the solution should give no precipitation with solutions of ba- 
VoL. II.— 5 B 
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ryies; for, if ihese solutions liirow down a precipitate, sulpliatc 

copper is Indicated. This impunty may be discovered by evi 

rating the Molmion very low, and eeparaling the crystals of 

of copper. Farther evaporation and cooliDg will -crystallize' 

sulphate, if any be present. 

XLVll. — Hub-carbonate (if Magvenia, — Magneiia CarboTiat. P. 

Carbonate of magnesia is most liable to adulteration with chalki 
and, as iiine forms with sulphuric acid a icry insoluble salt, aiid 
magnesia one very readily dissolved, this acid may be employed 
in detecting the fraud. To a suspected portion of magnesia add 
a little sulphuric' acid, diluted with eight or ten limes its weight 
of Heater. If the magnesia should entirely be taken up, and the 
solution should remain transparent, it may be pronounced pnrct 
but not otherwise. Another mode of discovering the deception 
is as follows: — Saturate a portion of the suspected magnesia with 
nlwri.itic acid, and add a solution ofcarboiiale of arntnonia. If aojr 
lime be present, it will form an insoluble precipitate, bm 
magnesia will remain in solution. 
XLVTII Pure Magnesia-, — Magnesia, P. L^CaUined 

Calcined magnesia may be assayed by the same tests as the car- 
bonate. It ought not lo effen'esce at all with dilute sulphunc 
acid; and, if the earth and acid be put together into one scale of a 
balance, no diminution of weight should ensue on mixing them 
together. It should be perfectly free from taste, 'and, when di- 
gested with distilled water, the fihercd liquor should manifest no 
property of lime-water. Calcined magnesia, however, is very 
seldom so pure as to be totally dissolved Ly diluted sulphuric acid; 
for a small insoluble i^sidue generally remains, consisting chieflf 
of siliceous earth, derived fiom the alkali. The solution in sul- 
phuric acid when largely diluted, ought not to afibrd any precipi- 
tation with oxalate of ammonia. 

XLIX. — SfiiTit of Wine, jf/cohol,and Mthers. 

The only decisive mode of ascertaining the purity of spirit of wine 
and of iethers, is by determining their specific gravity. Highly 
rectified alcohol should have the specific gravity of BOO lo lOOOi 
rectified spirit of wine 83.': proof spirit of 930: sulphuric Esther 
T39; and as found in the shops under the name of aMer rfr(t/?co/u* 
it ought not to exceed 750; the«/ii> tun atkeris nilrici iP. L. 18 IS), 
or sweet spirit of nitre, S34. The xthers, when quite pure, ought 
not to redden the colour of litmus, nor ought those formed frtMn 
sulphuric acid to give any precipitation with solution of barytu.' 
L. — Essential or Volatile OiU. 

As essential oils constitute only a very small proportion of, 
ibles from which they are»obtained, and bear generallf a 
i%h pnce, there is a considerable temptation to adulterate 
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them. They are found soph islica led, either v/'vM, cheaper volatile 
oils, >»ith fixed oils, or with the spirit of wine. The fixed oiU are 
discovered by distillation wiih a very gentle heot, which elevates 
the easential oils, and leaves the Bxed ones. These last may, also, 
be detected by moistening a little writing-paper with the suspect* 
ed oil, and holding it before the fire. If the oil be entirely essen- 
tial, no slain will remain on the paper. Alcohol, also, delects 
the fixed oils, because it only dissolves the essential ones, and the 
mixture becomes milky. The presence of cheaper essential oils 
is discovered by the smell. Alcohol, a cheaper liquid than some 
of the most costly oils, is discovered by adding water, which, if 
alcohol be present, oeeasions a milkin^ss. 



CHAPTER ni. 



To point out all the beneficial applications of chemical sub- 
stances to the purposes of the arts, would require a distinct and 
very extensive treatise. In this place 1 have no farther view than 
to describe the mode of detecting adulterations in certain articles 
of commerce; the strength and purity of which are essentials to 
the success of chemical processes. 



^ Few objects of commerce are soj.histicated to a greatei' extent 
than the alkalies, to the great loss and injury of the bleacher, ih« 
dyer, the glass -maker, the soap-boiler, and of all other artists who 
are in fhe habit of employing these substances. To detect these 
adulterations, by determining the strength of alkalies, several me- 
thods have been recommended. In the early editions of this 
work, I gave, as the best, t'at of Mr. Kirwan, described in the 
7'ransactions of the Woyal Irish Academy for ITfie, which constats 
in ascertaining the quantity of alum, decomposed by the alkali 
under examination. Experience, however, has since convinced 
me, that a better mode of making this assay is by means of sul- 
phuric acid; the quantity of acid, required for neutralizing a given 
weight of the alkali under examination, being directly as the alka- 
line power of the latter. 

An apparatus for this purpose was, several years ago, recom- 
mended by M. Descroisilles.* It consists principally of a glass 
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■Is, the first degree being at the uppermost part of the tube, and 
(he 72d, of course, near i(« sealed extremity. Each degree is in- 
tended to contain half a l-'rencli gramme (the gramme bung 15} 
English grains vei'y nearly) of the acid test liquor, vrhich is formed 
bj[ diluting one part by iveight of sulphuric acid," willi nine parts 
by weight of distilled water. 

As an eitample of the use of this alkalimeter, let us suppose that 
we wish to assay a samplb of American pearlash. Reduce to 
powder a suflicient quantity of the alkali to serve as a fair average 
specimen; andof this, put 10 grammes {= 1S4.5 grains) into three 
or four ounces of water, either warm or cold. Let the mixture be 
agitated till the solution is complete, and filtered through paper. 

01' the clear solution, pour one lialf into a common tumbler. 
Next, pour diluted acid into tlie lube to the line marked 0; and 
taking the tube in the left hand, add the liquor, which it contains, 
very slowly to the alkaline solution in the tumbler, stirring all thti 
while with one of llie wooden rods, and first using this rod, "^~ 
move the drop, which adheres to ihe lip of the tube. Wh« 
acid is lowered in the tube to about the 40th degree, it 
try if the alkali be neutralized, by taking a drop on tha eni 
glass or wooden rod, and applying it to the proper teat papi 
By doing this repeatedly, the precise point of saturation will be at 
length attained; and the number on the tube, coiTCspondingi with 
the level of the remaining acid, will show the comparative strength 
of the alkali. The mean strengtii of several varieties of potash 
was found to be 55, denoting that they require 55 hundredths of 
their weight of sulphuric acid, sp. gr. 1. 842 (=53of sp. gr. 
for satui-ation; from which it may be calculated that they cont! 
^rcent. a quantity of alkali, equal to about 75 parts ofsub<ci 
nate of potash. 

When soda or barilla is submitted to cxperimenli 
to make the solution by means of hot water; and in all cases, 
adviseable to repeat tlie cxperinietit on the half of the liquor whlcb 
has been reserved. 

The following tabic, given by M. Descroisilles, shows the 
strength of some alkalies of commerce, commonly met with in 
France. The last column I have calculated from obvious data. It 
expresses the quantity of aubcarbonate of potash or soda, to which 
100 parts of tbe respective alkalies of commerce are equivatentj the 
four last only being compared with the aubcarbonate of soda. 
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n pearlashi 1st sort ■ > • 
American potash in reridiah masses, 

Ut ditto 

ATDurican pearlash, ^nd soi't . . 
American potash in grayish masses, 

Snd ditto 

White Russian potash .,..'. 52 to 
White Dantzick ditto ...... 45 to 

Blue Dantsick potash 45 to 

Alicant harilla 20 to 

Crystals of soda of commerce ... 36 

Natron ;^kelp?) 20 to 

Barilla and natron (kelp!) inreriot- . 10 to 

Imfiroved Atkaltmeter and .Icidim 
I have retained, in this edition, a description of the alkalimetev 
»f Dvscroisilles, because it is probable that several of them may 
be in the possession of persona in this country; and because il is 
common in France' to express the value of alkalies in degrees ot 
thai instrument. It has been very properly objected lo it, by Dr. 
Urfi of Glasgow,' that these degrees, being entirely arbitrary, do 
npt denote the valufi of alkalies in a language universally intelligi- 
ble; and he has proposed an instrument, which shall, at once, and 
without calculation, declare the true proportion of alkali in 100 
parts of any specimen. 

The principal deviation in the following rules, from the method 
of Dr. Ure, la, that while he employs sulphuric acid diluted to the 
same uniform degree (vis^ of sp. gr. 1.060) for all the different 
alkalies, and consequently has a distinct scale for each, I use sul- 
phuric acid of different degtees of strength for the different alka- 
lies, and thus adapt one scale of equal parts to the several varieties 
of alkaline substances. Any tube of sufficient capacity, in my me- 
ihodol proceeding, will answer the purpose; but the most conve- 
nient size I find to be about nine inches and a half long, and three 
quarters of an inch inside diameter. The tube should be formed 
with a lip for the convenience of pouring, and be provided with u 

glass foot to support it fsce plate ii. fig. 28.) A lube of this kind 
holds 1000 grains of water, and, (which is desirable) a little more. 

To graduate it, weigh into it 100 successive portions of distilled 
-water at 60° Fahrenheit, of ten grains each; or, if the tube be of 

equal bore throughout, it may be sufficient to weigh into it ten 

successive portions of water of 100 grains each, dividing each of . 

ihe intermediate spaces into ten parts by a pair of compasses. 

When 1000 grains of water have been weighed into the tube, a 

* ]u ao Essay oo Allcaliinetcr, which lie was so gotxl, about two years agi>, 
at to commuoicate lo me in mannscripl, and ichiVh. I believe, he has nnt yet ' 
^btiabcd, 
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line vatiy be drawn nritli a tite, which may be markeil 0. Ihc mM^| 
below this 10, and so on as shown in hg. 38. -^^^1 

The teat acid, which I prefer, is made by diluting one part ofay 
of viiriol'oF commerce of sp. gr. l.S-tg, willi foui- parts of water; 
consequently one fifth part of its weight U concentrated oil of 
vitriol, and its specilic gravity is, as nearly aa puasUilc, 1.141. 
Acid of this strength does not, on farther dilution, give out &ny 
heut, that can be a source of inaccuracy. 

Wlien an alkali is to be examineci, find by Dr. WoUaston's Scale 
of.Equivalents, how many grains of oil of vitriol are required to 
neutralize loo grains of what may be considered the proper alka* 
line ingredients of the substance in (jueation. This, in fitariaahy 
is sub-carbonate of potash; in /loiaah, pure potiisli; in darilla, of 
icl/i, dry sub-carbonate of soda. Let us take pearlash as an ex- 
ample. On referring to the scale, we find that 100 grains of aub- 
carbonate of potash arc ei^uivalcnt to 7 1 grains of fcoDcentrated oil 
of viti'iol.* Put, therefore, into the test tube a quantity of the di- 
lute acid containing 71 grains of concenti-ated acid, viz. 355 grains; 
and to spare the trouble, on any future occasion, of weighing the 
acid, lei a line be drawn with a file on the blank side of the tube, 
at the level of the acid liquor, which may be marked Eqiiiv. ttf 
Sufic. Pol. 

Fill np the tube with water to the line niarked 0, and mix the 
acid and and water completely by pouring them into a lipped glass 
vessel; stirring with a glass i-od; and then retuniing them into the 
tube. New as the whole 100 measures contain a quaniily of oil of 
vitriol equivalent to loo grains of sub-carbonate of potash, it is ob- 
vious that each measure of the liquor in the tube is adeqitale to ihc 
neutralization of one grain of the sub -carbon atc- 

Let 200 grains, taken out of a fair average specimen of the 
pearlash to be examined, he dissolved .in twq ounce measures of 
Vina distilled water, filler the solution; and wash tlie filter with 
two ounces more of water, which is best applied to the margin of 
the paper, by means of the dropping bottle, fig. 23, a. Add the 
washings to the solution; and having mined the whole toge*er, 
pouv one half into a tumbler or goblet, reserving the other lialf fop 
a repetition of the experiment if necessary. 

To the liquor in the glass goblet, add the diluted acid -ery gra- 
dually,, making the additions more and more slowly towards the_ 
last. As soon as the point of neutralization is attained, which wilt* 
be shown by the cessation of a change of colour in slips of Utmi^S 
and of turmeric paper dipped, from time to time, into the liquor, 
no more acid must be added. It is proper, however, the operator" 
should be aware, that there will often be an apparent excess of test 
acid, in consequence of the r.ahonic acid, which is d isen gaged, «)ft-' 
iug on the lilmus paper. To avoid this source of error, it is ad- 
yiaeahlc, towards the last, to warm the liquor by setting the glf** 

*■ Dr. "Ure makes il 70.1, Jimrn. of Science, Iv. 119. 
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iKftining it for half an hour near the fire, and while thus warmed. 
Ji*Bdd very cautiously the rest of the acid required for saturation. 
This point being attained, the number on the lest tube, at the level 
of the acid remaining in it, shows at once, without any calculation, 
how much jirr cent, of sub-carbonate of potash is contained in the 
pearlash under examination. In the samples, I have tried, it has 
generaity been about m/iercent. 

In operating on barilla, kelp, or any variety of the mineral alkali, 
thepi-ocess is exactly the same, except that as 9 3" of oil of vitriol 
are equivalent to 100 of sub- carbonate of soda, we must take 
93 xs = 465 grains, of sulphuric acid of density 1.141. This may 
be marked on the tube, Mguiv. of Suhe. Soda. In a similar manner, 
we may mark on the tube the equivalent of fitire /lolaa/i, viz. 520 
grains of the above diluted acid; and that ot fiure toila, 783 grains; 
with any other equivalents, that may be likely lo be of use. 

Having ascanained the proportion of sub-carbonate of potash in 
any sample of pearlash, it is easy to find, by the sliding scale, its 
equivalent quantity of pure o'' caustic potash. Thus, supposing the 
pearlash to contain SO fier cent, of sub-carbonale, that number be- 
ing set to sub-carbonate of potash on the scale, the equivalent in 
pure potash is at once seen to be 55. 

To determine, by the same graduated tube, the strength of any 
acid whose equivalent is known, (which is the reverse of the fore- 
going process) we may put 100 grains of the acid, with a sufficient 
quantity of water, into a gobleV, and use, for saturating it, its equi- 
valent of any alkali. For example, 100 grains of concentrated oil 
of vitriol requiring for saturation 108 grains of dry sub-carbonate of 
soda, dissolve the latter quantity of alkali in water sufficient to make 
up 1' '0 measures of solution in the tube; then pour the alkaliue so- 
lution to tlie acid liquor, till the latter is neutralized) and the num- 
ber of measures, which have been expended, exactly denote the 
strength of the acid. 

It may sometimes be desirable to know the proportion, not of 
^concentrated or of real acid, but of acid of some infciior degree of 
density, in a specimen of acid. The method of doing this will best 
Jk explained by an example. Suppose that we wish to know the 
equivalent, in muriatic acid of sp. gr. 1.160, to 100 grains of the 
&ame acid of ap. gr. 1.074; find, by the alkaline test, or by referring 
to the tables in the Appendix, how much real acid 100 grains 
of both those acids contain. In acid of sp. gr. 1. 160, it will 
be 23.4 fier cent.; in acid of sp. gr. 1.074, it will be 11. Then 
25.4 : 100 :: 11 : 47. Therefore 47 grains of muriatic acid, of 
sp. gr. 1.150, are equivalent, in acidity, to loOof sp. gr. 1-074. 

>fo chemical operation can be more simple, or more easily ma- 
naged, than the measurement of the strength of alkalies by acid 
liquors, and of acids by alkaline ones, in the way which has been 
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described. I'lic tcat-lube, ivliich is ihc onl^ inatiumcRt, i 
for ihat i>iirpose, may be had at any ijksH-lmuae, snd may e 
graduated by any |ierson who will take the necessary (jaius. V/ b*n 
uDce accurately prepared, it will be fQUud, also, useful fir a rarieif 
of other purposes, which will readily present IhemBClvcs to llic 
practical chemist. 

H. — Mode of delecting ihc jidulteration nf Manganeae. 

In the section on drugs, inatructiona may be found for discover- 
ing impurities in several chemical preparation a, employed by tin 
artist, as cerusM or white lead, red lead, verde^ia, ice. No riiIcK, 
however, have been giTen for examining manganeSL-, which is N 
substance that varies nmch in quality, anil is ofien sophisticated; 
as the bleachers experience, to their iio small disappointment and 
loss. 

The principal defect of manganeae arises from the admixture 
of chalk, which is not always an intentional adulteration, but is 
sometimes found along with it, as it occurs in the earth. When to 
this impure manganese mixed with muriate of soda, the sulphuric 
acid is added, the materiala effervesce and swell considerably, and 
a large proportion passes into the receiver; in consequence of 
which the bleaching liquor is totally spoiled. This accident has, 
to my knowledge, frequently happened, and can only be prevented 
by so slow and cautious an addition of the acid, as is nearly incon- 
sistent with the business of an extensive bleaching work. ITie 
presence of carbonate of lime may he discovered in manganese, by 
pouring, on a portion of this subslatice, nitric acid diluted with ti 
or 10 parts of water. If the manganese be free from challc, no 
effervescence will ensue, nor will the acid dissolve any thing; bul, 
if carbonate of lime be present, it will be taken up by the acid. To 
the solution add a suBicient quantity of carbonate of potash to pre- 
cipitate the lime, wash the sediment with water, and dry it. Its 
weight will show how much chalk the manganese under examina- 
tion contained. 

Another adulteration of manganese, that may, perhaps, be some- 
times practised, is the addition of some ores ofiron. This inipu# 
rity is less easily discovered. Bul if the iron be in such a state of 
oxidation as to be soluble in muriatic acid, the following process 
may discover it. Dissolve a portion, with the assistance of heat, in 
concentrated muriatic acid, tUluie the solution largely with distilled 
water, ami add a solution of crystallized' carbonate of potash, The 
manganese will remain suspended, by the excess of carbonic acid, 
on mixing the two sohitions, but the iron will be precipitated in 
the state of a ooluured oxi^de. 

From an obsei^ation of Klaproth,* it appears that oxides of iron 
and manganese are separable by nitrous acid with the addition af 
sugar, which takes up the manganese only. 

* Essaypi, vol. i. page o72. 




The benefits that might be derived from the union of chemic^ 
akill, with the extensive observation of^Bp-icuItural facta, arc, per- 
haps, incalculable. At present, however, the state of knowledg^e 
{iinong farmers is not such as to enable iheni to reap much advan- 
tage from chemical experiments; and the chemist bus, himself, 
scarcely ever opportunities of applying his knowledge to practical 
purposes in this way. It may, perhaps, however, be of use, to offev 
a few brief directions for the analysis of marls, iime-stones, &c. 



SECTION I. 



It is impossible to lay down any general rules respecting the fit- 
neiis of lime for the purposes of agriculture; because much must 
depend ou the peculiarities of soil, exposure, and other circum- 
alanccs. Hence a species of lime may be extremely well adapted 
for one kind of land and not for another. All that can be arcom- 
ftlished by chemical means is to aBcertain the degree of purity of 
the lime, and to infer, from this, to what kind of soil it is best 
adapted. Thus a lime, which contains much argillaceous earth, is 
belter adapted than a purer one to dry and gravelly soils: and iliff 
clayey lands require a lime as free as possible from the argillaceous 
ingredient. 

To determine ihe purity of lime, Icl a given weight be dissolved 
iu diluted muriatic acid. Let a little excess of acid he added, thsct 
no portion may remain undissolved owing to the deficiency of the 
solvent. Dilute with distilled water; let the insoluble part, if any, 
subside, and the clear liquor be decanted. Wash the sediment 
with farther portions of water, and pour it upon a filter, previously 
weighed. Dry the Glter and ascertain its increase of weight, which 
-will indicate how much insoluble matter the quantity of lime sub- 
mitted to experiment contained. It is easy to judge by the exter- 
nal qualities of the insoluble portion, whether argillaceous eartli 
a,bounds in its composition. 

There is one earth, however, lately found in several lime-stoneS) 

which is highly injurious to the vegetation of plants, and is not 

discoverable by the foregoing process, being, equally with tiro 

soluble in muriatic acid. This earth Is magnesia, which, by dt- 
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tect experitnenlS) has been ascertained to be extremel]' noxious 
10 plantfl. Mr. Tennam, the gentleman to whom we owe this bet, 
was informed, that in the neighbourhood of Doncaster tvo kinds 
of lime were cinployeil, one of which it was necessary to use vcty 
sparingly, and to spread very evenly; for it was said, that a large 
propgrlion, instead of increasing, diminiehed (he fertility of the 
soil; and that, whenever a heap of it was left in one spot, all fer- 
tility was prevented for many years. Flfly or sixty bushels on an 
sere were considered to be as much as could be used with advan> 
tagc. The other sort of lime, which was oblaiiied from a village 
near Ferrybridge, though considerably dearer, from the <listaDt 
carriage, was more frequently employed, on account of its supe- 
rior utility. A large quantity was never found to be injurious; 
and the spots which wci-e covered with it, instead of being ren- 
dered barren, becante remarkably fertile. On examining the com- 
position of these two species of lime, the fertilizing one proved to 
consist entirely of calcareous earth, and the noxiouit one of three 
parts lime and two magnesia. 

The presence of magnesia in lime proved, on farther uivestiga- 
tion, to be a very common occurrence. The magnesian lime- 
stone appears to extend for 30 or 40 miles from a Ititle south-we4t 
of Worksop, in Nottinghamshire, to near Ferrybridge, in York- 
shire, and it has also been found at Dreedo and Matlock, in Derby- 
shire, and in various other parts of England." 

The magnesian lime-stone, according to Rlr. Tcnnant, may 
easily be distinguished from that which is purely calcarc-ous, by 
the slowness of its solution in acids, which is so considerable, that 
even the softest kind of the former is much longer in diskutving 
than marble; it has also frequently a crystallized slruclure; and 
aoihelimes, though hot always, small black dots Vnay be seen dis- 
bersed through it. In the countries where this lime stone is 
found, the lime is generally distinguished, from its effects in agri- 
culture, by the farmers, as hoi lime, in opposition to the purfely 
calcareous, which they term niild. 

To ascertain, by chemical iVieans, the composition of a lime or 
lime-stone suspected to contain magnesia, the foHoviing is the 
easiest, though not the most accurate, process. Procure a Flo- 
rence flask, clean it well from oil by a little soap-tees or sak of 
tartar and quicklime mixed, and break It oif, about the middle of 
the body, by setting lire (o a String lied round it and moistened 
with oil of turpentine. Into the bottom part of this flask put ItM) 
gruns of the lime or Iime-stone, and pour on it, by degreel, hptf 
an ounce of strong sulphuric add. On each affusion of acid k irio- 
lent effervescence will ensue; when this ceases, stir the acid srid 
lime together with a small glass tube, or rod, and place the 9Mk tn 
an iron pan, filled with sand. Set it over the fire, and continac'the 
beat till the mass is quite dry. Scrape off the dry mabs,we%ltkt 

^h^ * See Ptii%E'» Geolo^ orEochmd and Wale; page CO. ^^^| 
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put it into a wine glass, which may be filled up with water: 
■ the mmure, and when it has stood half an hour, pour thi 
1 Vhole on a filtering paper, placed on a funnel, and previously 
weighed. Wash the insoluble part with water, as it lies on the flfi 
tcr, and add ibc washings to the filtered liquor. To this liquof 
add a solution at half an ounce of salt of tartar in water, when, Jf'; 
magnesia be present, a very copioas white sediment will ensue; a 
lime only, merely a slight milkincss. In the former case, heal the. 
liquor by setting it in a tea-cup near the fire; let the sediment sub- 
sidy; .pour off the clear liquor, which may be thrown away, ani 
wash the while powder repeatedly with warm water. Then poui* 
It on a filter of paper, the weight of which is known, dry it, and 
weigh. The result, if the lime-atone has been submitted to expe- 
riment, shows how much carbonate of magnesia was contained in 
the original stone, or, deducting 60 fier cent, how much pure 
magnesia loo parts of the lime-stone contained. If the burnt lime 
has been used, deduct from tlic weight of the precipitate 60 {ii 
cent, and the remainder will give the weight of the magnesia in 
each loo grains of ihe burnt lime. 
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E ingredient of marls, on which their fitness for agricultnraL 
_ioses depends, is the carbonate of lime. It is owing to the 
]»resence of this earth that marls effervesce on the addition of 
acids, which is one of their distinguishing characters. In aacer- 
taining whether an eflervescence takes place, let the marl be put 
into a glass, partly filled with waicr, which will expel a portion of 
air contained mechanically in l-he marl, and thus obviate one source 
of fallacy. When the marl is thoroughly penetrated by the water, 
add a little muriatic acid, or spirit of sail. If a discharge of air 
should ensue, the marly nature of the earth is sufKcienily estab- 
lished. 

To find the composition of a marl, pour a few ounces of diluted 
muriatic acid into a Florence flash, place them in a scale, and let 
them be balanced. Then reduce a few ounces of dry marl into 
powder, and let this powder be carefully and gradually thrown 
into the fiask, until, after repeated additions, no farther effervcs- 
cence is perceived. Let the reminder of the powdered marl be 
weighed, by which the quantity projected will be known. Let the 
balance be then restored. The difference of weight between the 
quantity projected and that requisite to restore the balance, Will 
eight of air lost during effervescence. If the loss 
lunt to 13/ier crni. of the quantity of marl projected, or ft 
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jaS AKALTSIS OF MAULS. 

13 to 3-2 tier cenl. the marl assayed is calcareous marl, or marl 
Hcb in calcareous earth. 

Clayey raarla, or those in which the argillaceous ingredieni 
pFevails, lose only 8 or 10 /ic'r cent, of their weight by this treal- 
vent, ancl sandy marls about the same proportion. The presence 
tit much argillaceous earth may be j udged by drying the marl, aX- 
ttt being washed with spirit of salt, when it will hai-den and foni 
a brick. jM 

To determine, with still greater precision, the quantity of cf*-* 
flu-eous earth in a marl, let the solution in muriatic acid be tUte 
cdgand mixed with t( solution of carbonate of potash, till no I 
-precipitation appears. Let the sediment subside, wash i 
with water, lay it on a Kite", preTiously weighed, and dry it. Th^! 
l|reight of the dry mass will show how much carbonate of lime 
the quantity of lintf submitted to expcriiren 







APPENDIX, 



CONSISTING OF 



TAMOUS USEFUL TABLES. 



No. i: 



CORRESFOKSENCE BETWEEN ENGLISH AND VO&BIGN WEIGHTS 

AND MEASURES. 



h'^English Weighta and Meaauret. 

Troy Weight. 

Found. Ounces. Drms. Scruples. Grsuns. Grammes. 
1 = 12 IT 96 rz 288 r: 5760 rZ 372 96 
1 = 8 = 24 n 480 = 31.08 

in: 3 rr 6o zz s.sss 

I ZZ 20 IZ 1 295 
1 z: 0.06475 

Avoirdupois Weight. 
Pound. Ounces. Drms. Grains. Orammea. 

1 rz 16 z: 256 ZZ 7000. rz 453.25 

1 ZZ 16 z: 437.5 = 28 328 . 

1 = 37.34375 = 1.7705 ; 

V0L.-.II. 3 D 



AnKVBtX. 



I =: 8 — 128 = 1034 — 231, — 3.78S1S 

1 = 16 = 128 = 28.875 — 0.47398 

I ^ 8 ^ 1 8047 — 0.112957 

I — 2256 ^ 0,00395 

N- B — The English ale-p;aUon contains 383 cubical inches 
The «ine gallon contains S8 1 76 Troy grains ; and the v'uv 
I 7373 Troy grains. 



I 



I oz. Nuremberg, medic, weight 
I mark Cologne ----- 



^ 74 lbs. or grs. German 

apothecaries weight. 

— 7 dr. a sc. 9 Rr English. 

~ 7oa 2(lwt. 4gr. English 



Dutch — I lb. 3 ox. 16 dwi.,7 gr. English troy. 
78rj Ihs. Dutch — 1038 lbs. English troy. 

IV.^^wcdith Wfighls and Mea't^reifUsed by Berffmanand Schei 

The Sweilish pound, which is divided like the English apotlu 
or troy, pound, weighs 6556 gis troy. 

The kanne ot pure water, according to Bergman, weighs 42250 
Swedish grains, and occupies 100 Swrdish cubicul inches. Hence 
the kanne of pure water weighs 480S8 71^444 English, troy grains, 
or is equal to 189,9413 Ent^lish cubic inches i and the Swedish 
longitudinal inch is equal to 1.2^8435 English longitudinal inches. 

From these data, the following rules are deduced : 

1. To reduce Swedish longitudinal inches to English, muluply 
by 1.2384. or divide hy Q.BuTiT. 

2. To reduce Swedisli lo English cubical inches, multiply by 
1.9, or divide by 0.5265. 

3. To i-educe the Swedish pound, ounce, drachm, scruple, oi- 
grain, to the corresponding English troy denomination, multi] 
by 1.1383, or divide by .8786. 

4. To reduce the SweJisli kannes to English wine pints, mu 
ply by . 1 520207, or divide by 6 57803. 

t5. To reduce Swedish kannes to English wine gallons, multi] 
by 83335, or divide by I.S16. 
[ 6. The led, a weiglit sometimes used by Bergmat 
part of the cotHmon Swedish pound of 16 ox. and the a4ih part 
the pound of 13 ot. Tiiercforc to reduce it to the English li 
pound, multiply bj^ .03557, Or di^de by 26.1136. 
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I 

W.^m^Correafiondenee of EngHah Weights and Mtaaurea with those 

uted in France before the Revolution. 

^ 1.-— WEIGHTS. 

The Paris pounds fioida de marc of Charlemagne^ contains 9216 
Paris grains; it is divi4<^d into 16 ounces, each ounce into 8 gros, 
and each gros into 73 grains. It is equal to 7561 English tro^r 
grains. 

The English troy pound of 12 ounces contains 5760 English ivoy 
grains, and is equal to 7021 Paris grains. 

The English avoirdupois pound of 16 ounces contains 7000 En- 
glish troy grains>and is equal to 8532«5 Paris grains. 
To reduce Paris grains to English troy grains, divide '^ 

by--- "*." > 1 2189 

To reduce English troy grains to Paris grains multiply [ 

by J 

To reduce Paris ounces to English troy, divide by - ? , 015734 
To reduce English troy ounces to Paris, multiply by 3 .' 

Or the conversion may be made by means of the iollowing tables: 

j._7'o reduce French to English Troy Weight, 

The Paris pound = 7561 "j 

The ounce r: 472.5625 I ,7„ i- ,, ^^^„ „.,.«;«o 

The gros = 59.0703 > ^"^l"*^ troy grams. 

The grain ZZ .8204J 

2— To reduce English Troy to Paris Weight. 

The English troy pound of 12 ) .. 70SI. 

ounces S"^ 

The troy ounce = 585.0833 

The drachm of 60 grains ■ - != 73.1354 ! p 

The penny weight or denier of > _ 59.3541 | ^ 

24 grains ------ j 1 

The scruple of 20 grains • tZZ 24.3784 I 

The grain S 1.3189J 

S.-.T'o reduce English ^voirdv/iois to Paris Weight. 

The avoirdupois pound of 16 > _ g-gg 1 

ounces, or 7000 troy grains ^ -^ * L Paris grains. 

The ounce 533.635o3 



$ II.— LONG AND CUBICAL MEASURES. 

To reduce Paris runnrng feet, or inchea, into Ed-*^ 

glish, multiply by ^ - L \MS9r' 

English running feet^ or inches^ into Paris *' 
YXdc by --.. 



is di- r 



^^^PTo reduce Paris cubic feet) or inches to English,'^ '^H 

^" mulliplyby L 1311271 fl 

English cubic feet, or inches, to Paris, divide [ ^M 

by J ■ 

Or by means of the following tables : ^M 

i. — To reduce Pari* Long Measure to Engli*/t, <^| 

The French toisc = 6.3945 English feet. ^| 

The Paris royal foot ol 13 inches = 12.T977~) ^1 

The inch = ''O^^* L. p„„t;,,i. ;„,.h». fl 

Theline,or l-lSth of aninch - = .0888 \ '^"S''^'" mchcs.^ 
1 The I-i2th of aline ---■:= .0074J M 

*5.— 7*0 reduce Rngtith Long Measure to French. t^H 

The English foot = U.259S~1 ..fl 

The inch = .9383 I S 

The l-Hth of an inch - - - - ^ .1173 ^ Paris inches. ^M 

The l-IOth of an inch - - - = .0938 '« 

The l-13th of an inch - - - = .0782J ■ 

t6.~-To reduce French Cube Measure to English- ^| 

he cubic inch — .000700 |_feet, or |. 1.211378 J '^ 

7. — To reduce English Cube Measure lo French'. ^M 

ihe English cube foot, or ) _ lAoriftfiil fl 

1738 cubical inches - 5 - '*2r.4864 I . .. .^ 

The cubical inch - - - - .8360 P'.^"':*' "^"""^ *■ 

PThe cube tenth - - - = .0008 J "*""■ V 

§ III— HEASUBK or CAPACITY. 1^1 

The Paris pint contains 58-l45t English cubical inches, and ttf^ 
English wine pint contains 38.873 cubical inches ; or the Paris pint 

• To convert the weight of s French cubic foot, of any particular alitiatance 
given in French grains, into the corresponding wcigbt nf an Engliah cubic foot 
in English Iray gniinB, multijily ihe French grains by 0.6773181, and tlie pro- 
duct is the number of English troy grains contuned in an English cubic foot of 
the same substance. 

I It is said by Belidor, ^Sre/iit. Bydrajil. lo contain .11 oz. 64 gn. of water, 
which makes it 5 B.D75 English inches; but, as there is conBiderabic uncertainty 
in the Jetemii nations of the weight of the French cubical meaaure of water, 
owing to the uncertainty of the standards mude use of, it is better to abide b; 
^r. Everard's measure, which was made by the Exchequer standards, and by 
the proportions of the English and French fnol, as established by the French 
Academy and Royal Society. 

According to Baomf, the Paris pint contains 35 French ounces of water, at 
eralure of 54.5* of FahtenWa-, wViicU "Mould mste it equal lo 59.729 
ibical inches. 
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contains 2.0171082 English pints, and the English pint contains 
.49617 Paris pints ; hetce, 

To reduce the P^ris pints to the English, multi-'^ 

To reduce the English pints to the Paris, divide f 2.0171082 

by. ----:- J 

The septier of Paris is 7736 French, or 9370.45 English cubic^ 
inches; and the muid is 92832 French, or 912445.4 English cubi^ 
cal inches. 



iei»itig the ComfmrUon briwe^ French and Sngtah 
Grain*. (Poid de Mjic.) 



French grs. = 


Bnglisli gB. 




KiiglUli Kra, = 


French g.-. 


" I 


0.8303 


1 


i.: a.' 


T 


1.6407 




2 


2.437 a 


1 


3-4611 




3 


3.5568 


■i 


S3SI5 




4 


4,8757 


5 


4.Mi9 




5 


6."l>47 


6 






6 


7.51 6 


7 




7 


8.J325 


8 




8 


9.75 15 


9 






9 


10.9704 






10 


IJ.ISlJ 


20 






30 


24.37 8 


3tl 






30 


36.568 


♦0 


■St.. 




40 


4S.737 


50 


41 < 




So 


60.947 


60 






60 


73.136 


70 


3 


70 


8S335 


Si) 


63.0 


80 


97.515 


90 


73.8 




90 


MO 704 


100 


8^.03 




lOu 


ISkSI 


200 


1 64.07 




3'.0 


243.78 


300 


246.11 




3'JU 


365.68 


400 


338.15 




400 


487.57 


500 


410.19 




51-0 


60y.47 


600 


493.23 


6 41 


7JI,36 


roo 


574.37 




700 


853.35 


800 


656.31 




800 


975.15 


900 


738.35 




90u 


107' 7. 04 


1000 


8zO.;i 


1000 


1318.9 


3000 


1640.7 




20U0 


2437.8 


3O0O 


2461.1 




3oriO 


3656.8 


4D00 


3:;81.5 




4000 


4875.7 


5000 


4101.9 




500 


6094.7 


6000 


4922.3 


6000 


7313.6 


7000- 


5742.7 




7 00 


8533.5 


8000 


6563,1 




80' 


975 1.5 


9000 


7383.5 




9000 


10970.4 


• 10.000 


8023.0 




10 0(10 


12189.:' 
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VlL'^Tabie showing the 0)m/iari»en Between French and MngiUh 

Cubical Inches. 



Cubic Inchet. 


• 


Cubic Inchet. 


French. =s English. 


English, ss French. 


\ 


1.2136 


1 


0.8239 


8 


2.4272 




2 


1.6479 


3 


3.6408 




3 


3.4719 


4 


4.8544 




4 


3.2958 


5 


6 0681 




5 


4.1198 


6 


7.2817 


6 


4.9438 


7 


8.4953 




7 


5.7677 


8 


8.7089 




8 


6.5917 


9 


70.9225 




9 


7.4157 


lu 


12.136 


10 


8 239 


30 


24.272 




20 


16.479 


30 


36.408 




30 


24.719 


40 


48.544 




40 


32.958 


50 


60.681 




50 


41.198 


60 


72.817 


60 


49.438 


70 


84.953 




70 


57 677 


80 


97.089 




80 


65.917 


90 


109.225 




90 


74.157 


IJOO 


121.36 


100 


82.39 


200 


342.73 




2.00 


164.79 


300 


364.08 




300 


247.19 


400 


485.44 




400 


329.58 


500 


606 8 1 


< 


500 


411.98 


600 


728.17 


600 


494.38 


roo 


849 53 




700 


576.77 


800 


970.89 




800 


659.17 


900 


1092.25 




900 


741.57 


1000 


1213.6 


1000 


823.9 


• 2000 


2427.2 




2000 


1647.9 


3000 


3640.8 




3000 


247 1 .9 


4000 


4854.4 


• 


4000 


3295.8 


5000 


6068.1 




5000 


4119.8 


6000 


7281.7 


6000 


4943.8 


7000 


8495.3 




. 7000 


5767.7 


8000 


9708.9 




8000 


6591.7 


9000 


,10922.5 


b 


9000 


7415.7 


10.000 


13136.0 


t- 


10,000 


8339X> 



I ■ 
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Vni. — AVto French iVtighta and Memuret (ailcuialed 6y Dr. 
Duncan, jun.). 







^-'"Sf 




Millimetre 






Ce mi metre 


— 


.39371 




Decimetre 


^ 


3,33710 




Mttre* 




39.57100 Mil.Fur. Yda. 


Feet. In. 


Decametre 


= 


393.71000 — 10 


2 9.T 


Hecatometre 




3937 10000 ^00 109 


1 1 


Kilometre 


^ 


30371.00000 — * 213 


1 10.2 


Myrio metre 




393710.00000 =Z 6 1 156 
%.—Mea,ure» of CafiacUy. 
Cubic inches. 


6 


MilliUtre 




,0610,1 




Centilitre 


= 


.61038 EnglUh. 




Decilitre 


zz 


6,10280 Tons, Hogs Wine 1 


G, Pintg. 


Litre 




61,02800 =000. 


3.1133 


Decalitre 


^ 


610.28000 =00 a. 


5.1352 


Hecatoliue 


^ 


0102,80000 =00 26.419 


Kilolitre 




61038 001.00 = 1 13 19 




Myriolitre 




610380.00000 E= 10 1 58.9 
Z.—Meaturet of Weight. 
EngUihgrnn., 




Milligramme 




= .0154 




Centigramme 


' — 


I .1344 




Decigramme 


z 


= 1.5444 jlvoirdupoU. 


Gramme 




Z 15.4440 Poan. Oun. 


Drm. 


Decagramme 


■ Z 


r 154.4402 =: 


5,65 


Hecatogramm 




Z 1544.4023 =03 


8.5 


Kilogramme 


z 


= 15444.0234 =33 


S 



TJ^ 



Myriogramme = 154440.2344 = 

■ Recently determined by Cipiain Kater to be 39.370^9 inches. (PhU.Tnnr. 
1818, p. 109.) 



^ 



OO&RBOTIOV OV THX TOLUMB OF OASES. 



5«r 



IX.'^Rtduciion qf the Ounce Meaaure^ 

Cubical Inchc9. 



ueed by Dr. PrUetky to 



Ounce 


French cubical 


./ English cubii 


Measarel 


Inches. 


Inches. 


I 


1567 


• 1.898 


3 


3.134 


3.796 


3 


4.701 


5.694 


4 


6 368 


7.593 


B . 


7.835 


9.490 


6 


9.403 


11.388 ' 


7 


10.969 


13.386 


8 


13.536 


15 184 


9 


14.103 


17.083 


10 


15.670 


18.980 


20 


31.340 


37.960 


30 


47.010 


56.940 


40 


62.680 


75.930 


50 


78.350 


94.900 


60 


94.030 


113.880 


70 


109.690 


133.860 


80 


135.360 


151.840 


90 


141.030 


1 70.830 


100 


156.700 


189.800 


1000 


1567.000 


1898.000 



yi.^^Rulea for reducing the Volume o/GuBta to a mean Height i^ftht 

Barometer^ and mean Temperature. 

1 . From the afiace occu/ded by any quantity ofgaa under an observed 
degree qffiresaurej to infer what its volume would be under th* mean 
height of the barometer^ taking this at 30 inchesjaa ia now moat usual. 

This is done bf the rule of proportion ; for, as the mean height 
is to the observed height, so is the observed volume to the volume 
required. For example,, if we wish to know what space would be 
filled, under a pressure of 30 inches of mercury, by a quantity of 
gas, which fills 100 inches, when the barometer is at 39 inches, 

30 : 39 :: 100 : 96.66. 

The 100 inches would: therefore, be reduced to 96.66. 

3. To estimate what would be the volume of a fiortion of gas ^ jf 
brought to the temperature of 60* Fahrenheit. 

Divide the whole quantity of gus by 480 ; the quotient will show 
the amount of its expansion or contraction by each degree of 
Fahrenheit's thermometer. Multiply this by the number of de- 
grees, which the gas exceeds, or falls below, 60^ If the tempera* 
ture of the gas be above 60^, subtract, or if below 6i>^, add, the pm 
duct to the- absolute quantity of gas ; and the remainder in the fli 
case, or sum in the second, will be the answer. Thus, to fiiid « 

Vot.-.IJ. SE 



■pace 100 cubic inches of gas at 50° would occupy, if niaed t 
divide 100 b^ 480 ; the tjuDtient 0.208 multiplied bjr 10 gives i 
which added to 100 ijives lOa.uB the answer required. If the tem- 
perature had been 7o°, and we had wiahed to know the volunie which 



the gas would ha\ 
have been subirac 



;upied at 60°, the same number 3.08 i 
ei[ Irom 100, and 97.93 would have been 



1 

the 
ah. 
knd 
)n(l 

i 



3 In some cases, it is i)f cessary to make a double correctioDifl 
to bring the gas 10 a mean both of thf baromeler and ihermomettf 
We must then first correct the tempemtiire, and afterwards 
pressure. Thus to know what space 100 inches of gas at 70*^ Fah* 
renheil, and 39 inches barometer, would till at 60° Fahrenheit and 
30 inches barometer, we fii'st reduce the 100 inches, by the seconti 
process, to 97.92. Then by the first "~ 

30 : 39 :; 97.92 : 94 63. 
Or 100 inches thus corrected, would be only 94.65. 

4. To ascertain what would be the absolute loeight of a given 
volume of gas at a mean temtierature,fTom the known loeighl of an 
equal -volume at any other temfierxtture; first, find by the second pro- 
cess what would be its bulk at a mean temperature, and then say, 
as the corrected bulk is to the actual weight, so is the observed 
bulk to the number required. Thus if we have 100 cubic inches of 
gas, weighing 50 grains, at 50° Fahrenheit, If the temperature were 
raised to 60° they would expand 10 103 OS. And 

102.08 : 50 :: 100 : 49. 
Therefore 100 inches of the same gas at 60° would weigh 49 gra 

5. Tb learn the absolute weight of a given -valavie of ga% underW 
mean firetsure, from Us known luright under an observed pretture, 
say, as the observed pressure ia to the mean pressure, so is the ob- 
served weight to the corrected weight. For example, having 100 
inches of gas which weigh 50 grains under a pressure of 39 inches, 
to know what loo inches of the same gas would weigh, the barome- 
ter being 30 inches, 

29 : 30 :: 50 : 51,72. 

Then loo inches of the same gas, under 30 inches pressure, wotil4 
weigh 51.73 grains. 

6. In some cases it is necessary to combine the two last calcula- 
tions Thus, if 100 inches of gas at 5U° Fahrenheit, and under 29 
inches pressure, weigh 50 grains, to find what would be the weight 
of 100 inches at 60° Fahrenheit, and under 30 inches of the barome- 
ter, first correct the temperature, which reduces the weight to 49 
grains. Then, " 

29 : 30 :: 49 : 50.7 
hundred uiches, therefore, would we^h 50,7 grains-^ 
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XI. Sfiecific GravUiea of Solid and Liquid Subatancea.* 



OEMS. 

Diamond, white, oriental 
Topaz, oriental - - - 
Sapphire, oriental - - 
Garnet, Bohemian - - 
Beryl, oriental - - . 
Hyacinth, common - - 
Emerald, from Peru 
Crysolithe, from Brasil . - 
Amethyst, oriental - - 
Ruby, oriental * - - 

STONES, &c. 

Ponderous spar ... 
Porphyry - - - - -' - 



SMdfle 
Onr. 



3.5212 

4.0106 

3.9941 

4.1888 

3.5489 

2.6873 

2.7755 

2 6923 

2.65 1 

4.2833 



4.4300 
2.7651 



STONES, 8cC. 

Jasper, -brown - - - 
Granite, Egyptian - - 
Rock-crystal * - - - 
Chalcedony, bright - - 
Carrara marble - - - 
Alabaster, oriental - - 

Carnelian 

Slate, common, for roofs 

Flint 

Agate, oriental - - • 
Portland-stone - - - 
Serpentine, green, Italian 
Opal, noble - . - - 
|Pumice-stone - - - - 



Speeifie 
Gnr. 



2 6911 
2.6541 
2.65301 
12.6640 
2.7168 
2.7302 
2 6137 
2 8535 
2.5941 
2.5901 
2 533 
2 4295 
2.144 
0.9145 



Potash ... - 
Lime - - - - 
Magnesia - - « 
Alumine - - - 
Barytes . - - 
Sulphate of potash 
■ alumine 



zinc - - 
iron - - 
copper - 



Nitrate of potash 
Muriate of soda - - 
Acetate of lead - - 
Supertartrate of potash 
Sub-borate of Soda - 
Carbonate of potash - 
————— soda 



ammonia - 



SALTS. 



HMMBfintZ. 



1,7085 
1.5233 
0.3460 

8200 
2.3740 
2.4073 

1 7109 
1.9120 
1.8399 
2.1943 
1.9369 
2.2001 
2.3450 
1.9153 
17230 
2.0120 
1.3591 
0.9660 



Kirwm. pfiiebfinlxoek. 



46215 
2.3908 
2 3298 
2.0000 
4.0000 
2.636 



2.3700 



2.398 
1 7260 
1.9 
1.88 



2.23 






1.933 


1,901 


1.900 




2.083S 


2.143 




2.3953 






1.8745 






1.7170 


1.714 




2.749 




1421 






1.8245 


1.5026 





Newton* 



1.714 
1.712 



* For the specific grsTitiefl of tiiemetilfl^ see Table of the Qualities of Metali^ 
near the dose of this Appendix. . 




Table of Spscific Graz'Uka (/ Solid and Liquid Huia; 
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GLAsafiS AND VITHIFICA- 
TluXS. 

Gfeen bottle-t'laas - - 
I f rcnch crysial-gUea 

I St. GoOiii . - - 

English flint glass - - 

Cbioa porceliL n - - ■ 

IHrLAMMABLEB. 

Foll-smphut' . - - ■ 

PtiDsphorua - . . . 

Pit coal . . . , - 

Amber 

Heaviual charcoal - - 

Miiter^il Naphtha ■ - 

Camphor . . - . 

Liquid 



2 488! 
2 3!(-;7 



0. J4 1 

U.7' 8 

^887 



Disaikd water - - - 

Sea water 

Wurfrom the Asphuhic 



Sulphuric »cid of com- 
merce -, ■ - - ■ 
Sulphuric acid, real - - 
Nitric acid - - - - 
Murintic acid - - - - 
Concentrated acetic acid 

apnLiTtoUB LiqutDS. 
Madeira wine ■ - - 

Cyder 

Brown beer .... 
Burgundy wine - ■ - 
Chumpagne wine - - 

Brandy 

Alcohol* 

Nitric elher - - - - 
Acetic ether - - - - 
Sulphuric ethert - - • 
"' ■ 'c ether - - - 



US 800 
1.1940 
i.06:J6 



0.8293 
9.,81 
8664 
0.73y6 
0.7296 



etiieheaL oils. 
Oil ol cinnamon - 
Oil o£ cloves - - 
OiliOf lavender ■ - 
Spirit of turpentine - 



Linseed oil 
Poppy oil - - 
Oil of sweet aln 



OILS. 



ANIMAL VLVIDS. 

Asses' milk . . - 

Cows' milk , . . 

Human milk - - ■ 

Human urine - - ■ 

AHIMAL VATS. 
Spermareli - - - 
Butter 

Mmion auet - - - 
Train oil - . . - 
Hogs' lard - - - - 



I U439 

1 0363 

0.8938 

' D.SG97 



D9403 
' U.93Be 

O.9170 
■ 0-9153 



1.03SS 
1.0324 
I.03U3 
1.0106 



■ 0.9235 

■ 0.9335 

■ 0.9568 



Common gum - - 
" 1 Arabic - - - 
Gum iragacanth - - 

avti sBsiMs. 
AsafoEtida - . - - 
Scam monium, from Smjrr- 

Cialbanum - - - . 

RKBIN9. 

Guaiacnm ■ . - ■ 

Jalap 

Ainmoniacum - - 
Benzoe 



• Per Chauttiei 0.7980. 




SPECIFIC on*" 



;., Table o/S/teeifie Gravim 






hndaric - - . - 

White resin - - - 

Colophony - - - - 

MasticI) - - - . 
Copal, transparent 

IDSFiaSATF.D JUICES. 
Aloe auceotrina • • 

opi™ 

WOODS. 
Lignum guuiacuoi - 
Box wood, Dutch 
French box wood 

Ebony ■ 

Heart of old oak - - 



3795 



'Mahogany - - - ■ 
IOiiv.ir« .... 

'Mulberry tree, Spam 
Btecli lice 
Yew treci Spanish ■ 
JApple tree - - 
■ Pium tree - - 
M.iple tree - - ■ 
Cliiny tree - - 

,S366 Quince tree ■ ■ ■ 

Orange tree - - ■ 

Walnui tree - - 

Pear tree . - ■ 

.Cypress, Spanish 

iPine tree ■ - ■ ■ 

.3(i9tj White Spanish poplar tree 



1.063 

0,9270 

8970 

0.8530 

o.suro 

.7930 
(i.TBaO 
0.7550 
07150 
0.7050 
0.7050 
0.6710 
6610 
0,^440 
0.S5OO 

D.24Ufl 



Ihn Sfiecific Graviliet'^ 



XII. — Rules /or Calculating Ihe Abfotuiefra: 
of Bodiei. 

In 1696, Mr. Everard, balance maker to the Exchequer, weighed 
before the commissioners of the House ol' Conimonsi 3145.6 cubical 
inches, by the Exchequer standard foot, of distilled water, at the 
Eemperature of 55° of Fahrenheit, and found ii to weigh 1131 oz. 
14 dts. troy, of the Exchequer standard. The beam turned witli 6 
gTS. when loaded with 30 pounds in each scale. Hence, supposing 
the pound avoirdupois to weigh 7000 grs. troy, a cubic foot of water 
weighs 62j pounds avoirdupois, or 1000 ounces avoirdupois, want- 
ing 106 grains troy. And hence, if the specific gravity of water be 
called 1000,'the proportional specific gravities of all oiher bodies 
will nearly express the number of avoirdupois ounces in a cubic 
foot. Or, more accurately, supposing the specific gravity of water 
expressed by l,and of all other bodies in proportional numbers, as 
ihc cubic foot of water weighs, at the above temperature, exactly 
437489.4 grains troy, and the cubic inch of w»er 353,175 grains, the 
absolute weight of a cubical foot or inch of any body in troy grains 
may he fmnd by multiplying their specific gravity by either of ttic 
above numbers respectively. 

By Everard's experiment, and the proportions of the English 
and French foot, as established by the Royal Society and French 
Academy of Sciences, the following numbers are ascertained. 

Paris grains in a Paris cube foot of water 
English grains in a Paris cobe foot of water 
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Paris grains in an Englisli cuhe foot of waier - - 
English grains in an English cube fool of water 
English grains in an English cube inch of water - 
By an experiment of Picard with the measure and 
weight of the Chaiclet, the Paris cube foot of wa- 
ter contains of Paris grains =: 641326 

B)t one of Ou Hamel, made with great care - - ^ 641576 
By HoniberK ............ ^ 641666 

These show some uncertainty in measure or in weights ; but 
the above computation from Everard's esperiment may be relied 
on, because the comparison ot the foot of England wiih that of 
France was made by the joint labour of the Royal Society of Lon- 
don and the French Academy of Sciences : it agrees likewise very 
nearly with the weight assigned by M. Lavoisier, 70 Paris pounds 
to the cubical foot of water. 



Baume's Hydrometer for Liquids lighter than Water. 



e 55° Fahrenheit, 



Sp. fir. 


Dep. 


8p, Gr. 


- 1.000 


18 - 


- .943 


- ,990 


19 - 


- .935 


- .985 


20 - 


- .928 


- .977 


21 - 


- .933 


- .970 


23 - 


- .915 


- .963 


33 - 


- .909 


- .955 


24 - 


- .903 


- .949 


35 • 


- .897 



.Gr. 


IJeg. 


.892 


34 - . 


.886 


35 - - 


.880 


36 - - 


.874 


37 - • 


,867 


38 - - 


.861 


39 - - 


.8.^6 


40 - - 


.852 





Baume's Hydrometer for Liquids heavier than Water. 
Temperature 5S' Fahrenheit, or 10 Reaumur. 
Sp. Gr. Deg. Sp. 

- - 1.000 ai - - I. 

- - 1.020 34 - - 1.: 

. . 1.040 27 - - 1.230 48 - - 1,500 

. - 1.064 30 - - 1.261 SI - - 1.547 

- ■ 1.089 33 - ' 1.S95 54 - • 1.594 

- - 1.114 36 - - 1.333 

- - 1.140 39 - - 1.373 
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No. II. 

ADMEASUftEMBNT AND EFFECTS OF HEAT. 



I. — CorresfiontUnce between different Thermometers^ 

Fahrenheit's thermometer is universally used in this kingdom. 
In this instrument the range between the freezing and boiling 
points of water is divided into 180^; and as the greatest possible 
degree of cold was supposed to be that produced by mixing snow 
or muriate of soda, it was made the zero. Hence the freezing 
point became 32^, and the boiling point 212^. 

The Centrigrade thermometer places the zero at the freezing 
point, and divides the range between it and the boiling point into 
100^. This has long been used in Sweden under the title of Cel- 
sius's thermometer. 

Reaumur's thermometer, which was formerly used in Fr^ce, 
divides the space between the freezing and boiling of water into 
80*^, and places the zero at the freezing point. 

Wedgwood's pyrometer is only intended to measure very high 
temperatures. Its zero correspo()ds with 1077^ of Fahrenheit's, 
and each degree of Wedgwood is equal to 130^ of Fahrenheit. 

De Lisle's thermometeris used in Russia. The graduation be- 
gins at the boiling point, and increases towards the freezing point. 
The boiling point is marked 0,and the freezing point 150^. 

Therefore 180® F. = 100** C. a 80® R. s 150® D ■■j| W. 

1. To reduce centrigrade degrees to those of Fahrenheit, multi- 

C X 9 

ply by 9 and divide by 5, and to the quotient add 32, that is, -—j^ — 

-f- 32 « F. 

F — 22 X 5 

2. To reduce Fahrenheit's degrees to centrigrade ^ «C. 

3. To reduce Reaumur's to Fahrenheit's, we have the following 
formula, h^ + 32 = F. 

p 52 X 4 

4. To convert Fahrenheit to Reaumur, -^ — 9"^^ "* ^' 

6. To reduce De Lisle's degrees under the boiling point, we have 
F. B 212 p . To reduce those above the boiling point, 

F. = 312 + ^-J. 

6. And, inversely, to reduce Fahrenheit's degrees to De Lisle's, 

under the boiling pointy 7 ^ « D. ; above the boiling point, 

F. X 5 — 1060 ^ j^ 





^^^^^^^^^^^roSra^^^^^^^^^^^^^H 


^B Fdiren. 


WeJe. 


^^^^^^M 


^H 476 




^l^^^l 


^B fiI3 




l-ead (Chrichton) 594 (Irv.) S40 (Ncwtoo) ^^M 


^H 




^H 


^H 809 




Antimony ^^H 


^H 3 SOS 


31 


Bi-a»s ^^M 


^H 4587 


27 


Copper ^^H 


^H 4717 


33 


^H 


^M 5337 


32 


Gold ^H 


^H 17977 


130 


Cobalt ^^H 


^H 30S77 


150 


Nickel 4^H 


^H 21097 


154 


Soil nails '^H 


^B 21637 


158 


Iron !^H 


^K 21877 


160 


Manganese ^ 


^H 23177 


+ 170 


Platinum, tungsten, molybdena, uranium, titan: 
urn, &c. 

3. Solids and I.i^uids ■volutiUzcd. I^H 


H 




Ether ^*^^B 


^B 14" 




Liquid ammonia boils ^^^^^^^H 


^1 145 




Camphor sublimes (Venluri) -^^^^^^^^ 


H^ 17u 




Sulphur evaporates (Kirwan) '^^^^^H 


^m_ 176 




Alcohol boils, 174 (Black) ^H^^H 


^fe SIS 




Water and essential oils boU ^^^H 


^■' 319 




Phosphorus distils (Pelletier) ^^H 


^H 330 




Muriare or lime boils (Dalton) ^^^H 


^H ' 342 




Nitrous acid boils ^^^^^^B 


^m 248 




Nitric ^^^^^H 


^H 2S3 




White arsenic sublimes ' ^^^^^H 


^H S40 




Metallic sublimes ^^^^^H 


^H 554 




Phosphorus boils ^^^^^^H 


^H 560 




Oil ol' turpentine boils, about 212" (Dallon) ^^H 


^H 




Sulphur boils ^H 


^H 590 




Sulphuric acid boils (Dalton) 546 (Black) ^H 


^H 600 




Linseed oil boils, sulphur sublimes (Davy) ^^H 


^H- 660 




Mercury boils (Dalton) 644 (Secondat) GOOrfila^^l 
572 (Irvine) HM 

4. MiscHlaneaug Effects of Heat. ^^k 


H — 




Greatest cold produred by Mr. Walker ^^| 


^m 




Natural cold produced ai Hudson's Bay '|^H 


H 




Observed on the surface of the snow at GU^^^| 

1780 ^^1 

Ai Glasgow, 1780 ^^H 


^B- 




Equal parts, st.on and salt ^^^| 


^^L>^4a 


M 


Phosphorus burns slowly ^^^| 



IflSOELLANSOUS XFVSOTS OF HBAT. 



40? 



Fafaren. 
59 
66 
75 

n 



Wedg. 



2iU 

. 88 




96 




lor 




122 




165 




303 




635 




800 




803 




1050 




1207 


1 


1337 


+ ^ 


1857 


6 


2897 


14 


6277 


40 


8487 


57 


10177 


70 


12257^ 


86 


13297 


94 


14337 


102 


14727 


105 


15637 


112 


15897 


114 


16007 


121 


16807 


124 


17327 


125 


20577 


150 


25127 


185 



Vinous fermentation beeins 

lo 1 35 Animal putrefiKction 

to 80, Summer heat in this climate 

Vinous fermentation rapid, acetous begins 

Phosphorus bums in oxygen, 104 (Qottiing) 

Acetification ceases > 

to 100 Animal temperature * 

Feverbh beat 

Phosphorus burns yividly (Fourcroy) 148 (Thom- 
son) 

Albumen coagulates, 156 (Black) 

Sulphur burns slowly 

Lowest heat of ignition of iron in the dark 

Hydrogen bums, 1000 (Thomson) 

C harcoal burns (Thomson) 

Iron red in twilight 

Iron red in day light 

Azotic gas bums 

Enamel colours burned 

Diamond bums (M'Kenzie) SO W. » 5000 F 
(Morveau) 

Delft ware fired 

Working heat of plate glass 

Flint glass furnace 

Cream-coloured ware fired 

Worcester china vitrified 

Stone ware fired 

Chelsea china fired . 

Derby china fired 

Flint glass fumace greatest beat 

Bow china vitrified 

Plate glass greatest heat 

Smith's forge 

Hessian crucible fused 

Greatest heat observed 



N 



ill.— Tabic ofiht Farce of Strain al different t<:lnfieralu\ 
Fahrenheit'* Scale from actual ExlierimcnC. 



(Betnncourt in Proney's Arcli 



1.36 
1.74 

3.3r 



■ 4.16 

■ 5.43 
• 7.00 



Force In Lng'lisl) 
lEicliesofftlej'Ciii]'. 

- - - 9.07 

- - - 1 1.0 

■ - ■ 14.9 

■ - - 18.T 

- - ■ 23.7 



»» *^Wt^ 



4 ^ 



BXPAM8I0N OF AIR BT HBAT. 
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IV. — Table of the Ex/ianaion of Air by fteat. 











(By 


Mr. Dalton.) 










Ffthren 


• 






Fahren 


• 






Ffthren 


• 






32 


- 


. 


1000 


59 


- 




1064 


86 


• 


• 


1123 


33 


- 


- 


1002 


60 


- 




1066 


87 


- 


- 


1125 


34 


- 


,- 


1004 


61 


- ■ 




1069 


88 


. 


•- 


1128 


35 


- 


. 


1007 


' 62 


- 




1071 


89 


- 


• 


1130 


36 


. 


9 


1009 


63 


- 




1073 


90 


. 


. 


1139 


37 


mm 


m 


1612 


64 


- 




1075 


91 


- 


* 


1134 


38 


.* 


- 


1015 


65 


- 


. 


1077 


92 


- 


- 


1136 


39 


- 


- 


1018 


66 


- 


. 


. 1080 


93 


• 


m 


1138 


40 


. 


. 


1021 


67 


- 


• 


1082 


94 


- 


m 


1140 


41 


• 


- 


1023 


68 


- 


. 


1084 


95 


- 


m 


1142 


42 


- 


mt 


1025 


69 


- 


• 


1087 


96 


. 


m 


1144 


43 


- 


«■ 


1027 


70 


- 


. 


1089 


97 


- 


. 


1146 


44 


- 


- 


1030 


71 


- 


«■ 


1091 


98 


. 


. 


1148 


45 


- 


m 


1032 


72 


. 


. 


1093 


99 


• 


- 


1150 


46 


- 


- 


1034 


73 


- 


• 


1095 


100 


- 


• 


1152 


47 


. 


m 


1036 


74 


- 


- 


1097 


110 


- 


- 


1173 


41 


m 


«v 


1038 


75 


- 


- 


1099 


120 


m 


« 


1194 


49 


m 


- 


1041 


76 


«> 


- 


1101 


130 


•m 


- 


1215 


50 


. 


• 


1043 


77 


- 


- 


1104 


140 


- 


- 


1235 


51 


. 


. 


1045 


78 


- 


. 


1106 


150 


- 


. 


1255 


52 


. 


- 


1047 


79 


• 


. 


1108 


160 


m 


- 


1275 


53 


- 


.. 


1050 


80 


«> 


. 


1110 


170 


•^ 


. 


1295 


54 


. 


- 


1052 


81 


- 


. 


1112 


180 


- 


- 


1315 


55 


- 


- 


1055 


82 


- 


- 


1114 


190 


«> 


- 


1334 


56 


- 


- 


1057 


83 


- 


- 


1116 


200 


- 


- 


1354 


57 


. 


- 


1059 


84 


. 


. 


1118 


210 


- 


m 


1372 


58 


- 


m 


1062 


85 


- 


■■ 


1121 


212 


- 


- 


1376 



V.— TabU of the E^fia' 



I 0/ Liquids by Heat. 



IVmp. 


Mercury 


Linseed 
Oil. 


Sulphu- 
ric Acid 


Nitric 
Acitl. 


Witter. 


on of 
Tuppen- 


Alcohol. 


33° 
40 
50 


lOUOOO 
lOQOiJl 


lOOOOJ 












99752 
100000 


!)951* 
100000 












100033 


100000 


101105 










100279 


100.186 


1OO09I 


100460 


101688 


ro 


lOOMC 






100558 


100990 


100197 


100993 


102281 


80 


100508 






100806 


101530 


100333 


101471 


102890 


90 


looeio 






101054 


102036 


I0OG94 


101931 




,100 


100713 


1112760 


IUl.il 7 


102620 


100908 


102446 




110 


100813 




101540 


103196 




102943 




120 


iougi5 




101634 


103778 


101404 


103421 




130 


loioir 






lOS'W 


]' 14352 




1039S4 




140 








102320 


1jS132 




103573 




150 


101230 






102614 




102017 






16U 








103893 










iro 

180 

190 
201) 
212 


101424 
101526 
1(11638 
101730 
101633 






103116 
103339 
103587 
1039U 




























103617 
















107250 




104577 







Wl.-~Table of the Exjiamion of Water by Heat. 
(From Mr. Dalton's Ne* System of Chemiol Pbllowphy.) 



Temperature. 


Expansion. 


Temperature. 


Expansion. 


12" Fahrenheit 


100236 


122" Fahrenheit 


101115 


22 


100090 


132 


101367 




100022 


143 






100000 


132 






100021 


162 


102245 


63 


100083 


172 


102575 




100180 


182 


102916 




100312 


192 






100477 








100672 


212 


104012 


112 


100880 







EXPANSION OV SOUPS BT HEAT. 
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VlU,^Table of the Ezfiansion of Solid9 by Heat. 



Temp. 


Plati- 
num.* 


Antimon. 


Steel. 


1 

Iron. 


Cast 
Iron. 


Bismuth. 


32® 

12 

White ^ 

heat f 5 


120000 
120104 


120000 
120130 


120000 
120147 

123428 


120000 
120151 

121500 

1 


120000 
122571 


120000 
120167 






I 




Copper. 


Cast 
Brass. 


Brass 

Wire. 


Tin. 


Lead. 


Zinc. 

120000 
120355 


32° 
212 


120000 
120204 


120000 

120225 

• 


120000 
120232 


120000 
120298 


120000 
120344 


1 




Hamm<^ 
Zinc. 


Zinc 8 
Tin 1 


Lead 2 
Tin 1 


Brass S 
Zinc 1 


Pewter. 


Copper 3 
Tin* 1 

120000 
120218 


32° 
212 


120000 
120373 


120000 
120323 


120000 
12U301 


120000 
120274 


120000 
120274 



Expansion of Glass, 



Temp. 

. 32° 
50 
70 


Bulk. 


Temp. 


Bulk.'' 


Temp. 


Bulk. 


100000 
100006 
100014 


100° 

120 

150 


100023 
100033 
100044 


167° 

190 

212 


100056 
100069 
100083 



* Borda. f Rinman. 

+ The metal, whose expansion is here given, was an alloy composed of three 
parts of copper, and one of tin The figures in some of the preceding column* 
«re to be understood in the same manner. Thus, in the last column but two< 
th« metal consisted of two parts of brass, alloyed with one of zinc. 
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^M Vlll—TabUs tj^hibitins a fQlticlive Vifw of all the Frigonjic Mix. 
^H cures contained in Mr. Walker's Pab/kation, ISuS. 

^^fe ')<— T'oA/r, consiitiiff of Frigorific Mixiurea, having the Power of 
^B generating, or creating Cold, without the Md of lee, tufficir.nt for 
^H aU utefttl and fiMoso/ihieal Purftaiet, in any Part of the World at 
^^H any Season. 

^^M Frigurific Histures wilhoiit [ce. 


1 

1 


MlXTUttES. 


Tbe™ume,.rsint., j "^.^^"/.^^"^ 


1 


Muriate of ammonia 
Nitrate of potBih. 
Water - - - - 


Sparta 


From+S0°to + 10» 


40 


Muriate of smmonia 
Nitrate of potaah - 
Sulphate of Eoda - 
Water ... - 


5 parts 
16 


From + 50° to + 4=' 


46 


NiimeoFammonift 
Water . -. - - 


I part 


From + 50° lo + 4° 


45 


NltralEofamTionk 
Water ... - 


I part 


From + 50" 10- r 


"J 


.■Sulphate of Boda- 
Diluted nitric acid 


3 parts 


Prom + 30" to— 3= 


"1 


Sulphate of soda - 
Muriate of aminonia 
Nitrate of potash . 
Diruted nitric acid 


6 parts 


From + SO"to — 10'' 


i 


Sulphate ofaoila- 
Nitrate of ammonia 
Diluted nitric acid 


6 parts 


From +30° to — 14° 


64 


Phosphate of soda 
Diluted nitric acid 


9pam 


Prom 4- 50° to — 12° 


63 


Phosphate of soda 
Diluted nitric acid 


Spans 


From + 30° tu — 31° 


n 


Sulphate of aoda . 
Muriatic acid - . 


8pani 


*^om + 30° lo CP 


50 


Sulphate of soda. 
Dilated sulphuric sc 


A''"^ 


From + 50° to + 3° 


47 


L 


N. B.— If the materials are mlied at a warmer lempemture, than that ej 
reaaedin the Table, the effect will be prop.jrtloiiablv Rreaten thus, if th 
oat powerful of these miitures he made, when the air >a + 85°, it wilt ■in 
e thermometef W + 2". 

• 


e 
k 

1 



FRIGORIFIO MIXTURSS. 
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, 2.'^Tabley conaUting of Frigorific MixtutCB^ com/ioeed of Ice y with 

Chemical SaUa and Acide. 

Frigorlfic Mixtures with Ice. 



Snow, or pounded ice 2 parts 
Muriate of soda '. . 1 



MIXTURES. 



Snow, or pounded ice 5 parts 
Muriate of soda - - 2 
Muriate of ammonia - 1 



Snow, or pounded ice 24 parts 
Muriate of soda - - 10 
Muriate of ammonia - ■ 5 
Nitrate of potash - • 5 



Snow, or pounded ice 12 puis 
Muriate of soda - .. 5 " 
Nitrate of ammonia - 5 



Snow ..... 3 parts 
Diluted sulphuric acid 2 



Snow 8 parts 

Muriatic acid ... 5 



Snow - - r ^ - - 7 parts 
Diluted nitric acid - 4 



Snow - .... 4 parts 
Muriate of lime . . 5 



Snow - .... 2 parts 
Chryst. muriate of Hme 3 






Snow 3 parts 

Potash 4 



Thermometer sinks. 



E 



g 

£ 
o 



to — 50 



to — 12® 



to — 19* 



to — 25° 



From + 32*» to — 23<» 



From + 32® to — 27° 



From + 32° to — 30® 



From 4- 32° to — 40® 



From + 32® to — 50® 



From + 82® to — 51' 



Deg.of cold 
produced. 



5S 



59 



62 



72 



82 



83 



N. B. — The reason for the omissions in the last column of this Table, is, the 
thermometer sinking in these mixtures to the ^eg^ree mentioned in the pre- 
ceding column, and never lower, whatever majcbe the temperature of the ina- 
terials at mixing. 



Vol. it 



X. 



,1 (.; 



ATOENBtX. 



S.—Ta6lr ctmBitting of FrigoTific Mixtures, ttleeltd Jram the /on- 
going Tables., and combined, to as Id increase or extend Cold to 
the extreineat Degrees. 

Combinatiiuu of Fiigarific UIxluFes. 



MIXTURES. 


Thermomet 


r sinks. 


Deg.ofcold 
produced. 


PhosptiBte urimdB • 
Nitrate of ammonis - 
Diluted nitric acid - 


S puOa 
4 


From 0° to 


— 34" 


34 


Nitraie arHiniiKinia - 
Diliitetl mixed acids - 


Spirts 

2 

4 


From — 34" 


to — iO" 


16 


Snow 

Diluted nitric acid - 


3 pans 


From 0* to 


-46. 


46 


Snow 

Diluted sDlphimc acid 
Diluted nitric ucid . 


Spans 
3 


From — 10° 


0—56" 


•Ifi 


Snow 

Diluted sulphuric acid 


ip^ 


Prom— 20" 


0-6O" 


40 


Muriate ofiimc - . 


Sparta 


From + 20° 


— 48" 


68 


Snow 

Muriate of lime - . 


S puna 


From 4- 10" 


.0-S4* 


64 


Snow 

Muriate oflime - - 


2 parts 


From — 15" 


— 6a" 


53 


Snow 

Chryst. muriate nflim 


.J"" 


From 0" to 


— 66" 


66 


Chryst. muriate of lim 


ip.„ 


From — 40° 


— 73" 


33 


Diluted Biilphuric acid 


,0""' 


From ~ 68" 


0-91" 


23 



N. B— The materials in tlie first column, are to be cooled, previously t» 
roiling, (0 tlie temperature required, by mistures taken from either of tlie pre- 
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GASES. 


Eq. 


Eq. 


SOLIDS. 


Eq, 


Eq. 




Wts 


Blks. 




HU. 


Blks, 


Osygen 








,90? 


.8; 


iJS 


!006 


Dried woods, and 


C«iniiion Mr 


1.79 


,U02 


other »egcl»ble 






C»bonic»c"id 


1,05 


.003 


subsuncci, from 






iiotic 


.79 


,1*01 


.43 to - . . 


_5i 




Iqueous T»pour . - - - 


1.55 


.001 


duickFime - - 


M 










Pit^:oal (1.27)- 


33 


,36 


LIQUIDS. 






ChulcoJ - - - 
Chalk .... 
Hydrat, lime - - 


.26 

,ar 

.25 


,67 


Water - 


too 


1.00 


FlintglasB (2.17) 


.19 


35 


ArterUa blood 


1,03 




Muriate of soda - 


.23 




Kit (1.036) 


,98 


1.00 


Sulphur - . - 


.19 






.95 




9!i 


ln,n - 




.13 


JtW 




.75 




98 


Brass - 






.97 


lotut'ion orunmonia (.948) 


1,03 




98 


Copper 




*ll 


,9t 




,92 




94 


Nickel - 




.10 


78 


yenuablood ...... 


-B9 






Zinc' - 




,10 


.89 


iolut. of common salt (1.197) 


,78 




93 


Silver . 




.09 


.u 


Solut. of sugar (1.17)- • - 


,77 




90 


Tin- - 




.07 


.SI 


ffitricacid (1,30) - - - . 


.76 




96 


.Antimony 




.06 


40 


Nilricacid (1.30) - - . - 


.68 






Gold - 




,03 


97 


Sitric Mid CU6) .... 


.63 




85 


l-e^l - 




04 


43 


Nitrate of lime (1.40) . - 


,62 




87 


Bismuth 




,04 


.40 


Snlph. acid and water, equal p. 


,53 




80 








Huhaticacid (1.193) - - 


.60 




70 


Glides of the 






A.cGdc acid (1.056) . - ■ 


.66 




70 


metalfl surpass the 






Sulphuric acid (1,844) - - 


,3i 




65 








Alcohol (.83) ..... 


.76 




65 


according 10 Crow- 






Alcohol (.817) 


,70 




37 


ford, 






Snlpburic ether (.76) - . 


.66 




5-J 








Spermaceti oil (.87) - - - 


.52 




45 








Mercury -, - 


.04 




55 
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No. III. 
\.— Table of the Solubilily of SalU in Walcr 



HAMEB 07 SALTS' 



Solubility in 100 Parts 



Araenic - 

Boracic - ■ 

Ctiniphoric ■ 

Citric - - . 
Gallic - - 
Mucic - - 

Motybdenic ■ 

Oxalic - ■ 

Suberic - ■ 
Succinic - 

Tartaric - ■ 



^V 






Barytcs 

crystal Used 

Poiaah 

Strontiies . . . . 
crystallized 



0.59 

4. 

Very soluble 



Very soluble 



potash - 
soda ■ - 
strontites 



SOLUBILITY QF SALTS IN WATBB. 



4\r 



TxibU of the Solubility o/SalU^ Watir^ — Contint^ed. 



NAMES OF SALTS, 



SALTS. 

Carbonate of ammonia - - 

barytes - - - 

lime - . - - 

magnesia - - 

potash - - - 

soda - - - - 

strontites - - 

Camphorate of ammonia - - 

baiytes - • 

lime - - - 

potash - - 

Citrate of soda - - - . - 

•lime - - - 
Hyper-oxymuriate of barytes 

mercury 

potash 

soda - 

Muriate of ammonia - - - 

barytes - - - 

lead - - . - 

lime - - - - 

magnesia - - - 

mercury - V . 

potash - - - - 

silver - - - - 

soda - - - - 

strontites - - - 

Nitrate of ammonia - - - 

barytes - - - - 

lime - - - . - 

magnesia - - . 

potash . - . . 

soda 

strondtes - - - 

Oxalate of strontites - - - 

Phosphate of ammonia - - 

barytes - - - 

lime - - - - 

magnesia - - 



Soluble in tOO Parts 
Water. 



At 60« 



+30. 
Insoluble 
do. 
% 
25. 
50. 
Insoluble 
1. 

0.16 
0.5 
33. 
60. 
Insoluble 
25. 
25. 
6. 
35. 
33. 
20. 
4.5 
2C0. 
100. 
5. 
33. 

35.42 
150. 

50. 
8. 
400. . 
100. 

14.25 

33. 
100. 

0-tV 



2 



% 

0. 
6.6 



At 212° 



100. 



83. 

+ 100. 

33. 



+ 33. 



+ 25. 

40. 

+ 35. 

100. 

+ 20. 



50. 

36.16 
Unlimited 
200. 
25. 

+ 100. 

100. 
4- 100. 

200. 

+ 25. 
0. 
0. 



Table nfthe Soitibililif i^ Sale a in Water. — VoMtxaed. 



Solubility in 1 (10 Paris 

Water. 
At 60" At 312° 



Phosphate of potash • 

Biromitea 
Pbospliiteorainmonia 

potash 
£ulpbate of ammonia 
barylea 
copper 
■ iron 
lead 
lime 



Sulphite of B 



lime 

magnesia 

poUsh 



Saccholactate of potash - 

Sub-borate of soda (borax) 
Super-sulphaie of alumine 
potash (alum) - - - 
potash 
Super-oxalate of potash - 
tartrate of potash - 
Tartrate of potash - - - - 
and sodi. • 
I uitimony and potash 



+ 


33. 




100. 




so. 


+ 


100. 




0.32 




133. 




ao. 




135. 




0.03 



SOLUBILITY Of SALTS IK ALCOHOL. 



419 



U.H^TaAle of Substances toiubU in Alcohol. 



ICAMl^^C: 



7 SUBSTANCES. 



Acetate of cbppcr ------ 

soda ---..- 

Arsenate of potash - - - - - 
soda - 

Boracic acid - - 

Camphor -- 

Mnriate of ammoriia - - - - - 
alumine - - - - - 

copper 

iron ---.*-.- 

lime 

magnesia - - - - - 

mercury 

zinc 

Nitrate of amfDOoia - - - - - 

alumine 

cohalt ------ 

lime 

potash -*..--• 
- silver -----* 

Succinic Acid ..----- 

Sugar, refined ------- 

Super-oxalate of potash - - - - 

Tartrate of potash 



7 



Teoipora- 
ture« 



ire** 

176® 
do., 
do. 
do. 
do. 
do. 

176** 
176** 

do. 

do. 

176° 
54i«* 

176° 
do. 
do. 
do. 



100 Parts Al 
cohol ^sBolve 






7.5 
46. 
3.75 

i.r 

20. 

75. 
7. 
100. 
100. 
100. 
100. 
547. 

883 
100. 

89 2 
100. 
109. 
125. 
2.9 

41.7 

74. 

24.i 
3. 
0.04 



Other substances soluble in aloohol.— All the acidsi ex^ 
cept the sulphuric, nitric, and oxymuriatic, which decompose it, 
and the phosphoric and metallic acids. — Potash, soda, and aranoionia, 
.very soluhle. Soaps; extract; tan; volatile oils; adipocire ; re- 
sins ; urea. 

Substances insoluble, or vert sparingly soluble in al- 
cohol. — Earths; phosphoric and metallic acids; almost all sul- 
phates and carbonates ; the nitrates of lead and mercury ; the mu- 
riates of lead, silver, and soda (the last ficr Chenevix, sparingly 
soluble) ; the subborate of soda ; the tartrate of soda and potash, 
and super-tartrate of potash; fixed oils; wax; starch; gum; ca- 
outchouc ; woody fibre ; gelatine ; albumen, and gluten. 



/ 



Ill Dr. Woltatton'i Aumerkal Table of Chemical £qui-valenU 



N. B. — Dr. Wollulon's numbers represenl the vi 
[ dies, uxfiren being taken u unity. To reiluce th? n 
I by r and diride by 10; and id reduce ther 
"-'■ k, multiply by r.S, and divide by 10. 



Ilti ofthe 
odbtllc 
^ndlKad 



IIJ.OO 



SO.OO 



I 



1. Hydrogen ...... 

3. Oxygen 

3. Water ■ 

4. cartton - ■ 

5. Carbonic acid (+ 30 nxy- 

K^n) 

6. Bulphur 

7. Sulphuric acid (-f- 30 oxy- 

gen) 

3. PhoBphorua 

9. Fhosphorle acid (+ 20 ox- 

ygeTi) 37'.40 

10. Azote or Nitrogen ■ - - 17.54 

Nitric acid C+ SO oxygun) 67.54 

13. Muriatic Bcld dry - - - - 34.10 

13. Oxymupinticacid(+10oi:- 

Vffen) 44.10 

14. Chlorine 44.10+ 1,39 hy. 
~ )tic Dcid gas ■ - 45.43 

47.0 

21.5 



17. Soda- ■ 

18. Sodium I 

19. Potash - 
3Q. Potasiilll 
21, Magrieai! 
23, Lime - ■ 

33. Calcium (— 

34. Strontitcs - 

35. Batytej 

■36. Iron 

Black oiide (+ 10 oxy- 



[— 10 oxygen) . 
tl (— lOoiygen) ■ 

oxygen) - 



Red oxide (-f- 15 □lygen) 
■ --.pper- 
act oxide 



4.50 



■^. Cop, 

ide(+ 10 oxygen) SCJOO 

fiinc 41.00 

Oxide (+ 10 oxygen) - - 51.00 

29. Mercurv 135.51) 



lied oxide (+ 10 oxygen) 

Black oxide (+ 133.5 mcr- 

_ cury) 

J30. Lead 

Litharge (+ 10 oxygen) - 
. Silvcl- - 

Oiide (+ 10 (iiygen) - - 



!, Slib-C] 



eof: 



Bl-carbonate (+ 37.S 
— »*«»nic«cid) - . - 

Mr<e>rbonaie uftoda ■ 



135.50 

361,00 
129 50 
139.50 
135.00 
145,00 
49.00 



multiply 
dini^i 



Bi.carbaiiBte (+ 27.5 C. 



34. Sub-Furbouate of potash - 
Bi-capbonnte (+ 37.5 C, 

A, 4-11.3 water)- - - 135.50 

35. Carbonate of lime - ■ ■ fiS.OO 

36. barvtea - - 124.50 

ST. lead - - ■ 167.00 

3H. Sulphuric acid dry - - 50.00 

39. Uo. a ff, 1.850 (50 -f U.3 

water) ------ 6lJQ 

40. Sulphate of soda (+ 10 

waters = 113.3} - - -202.30 

41. Sulphate of potush - -109,10 

42. Sulphate of magnesia dry 74,60 
Da. Crvatallized (-|- 7 

■waters' = 79.3) - ■ - 153,90 

43. Sulphate of lime dry - - 85.50 
Crystallized (-(- 2 waters 

= 33.64) 108,10 

44. Sulpbateufstrontiles ■ IIVHO 

45. barytea ■ _- 147.00 

46. copper (1 acid 

' -"■) 156.60 



48. ■ 



in(7watcp) 173.80 



-lead 



,c(do.) 



50. Nitric ucid dry - 
Uo. B. g. 151 (-t- 2 V 

= 32,64) - - - 

51. Nitrate of soda - - 
53. potash - 

55, lead - ■ 

56. Muriate of ammonia 



63. - 






(53, mcpciuy ■ 

64. Siib-mori3.eDUIo.(li 

-hi osystn -I- 2 >nei 

65. Pbofiplmic ol k-sd - - 

66. Oxainle oflcat) . - , 

67. BJn^ixaiufe ofpolaah- 



isaso 

18950 
67.54 

90.30 

126.60 
103.00 
164 SO 
207.00 
66.90- 
75.20 
93.30 

153.30 
169.60 
131, UU 
173.60 
179,10 
170L1O 



TABLE OF C&lBiaCAL EqUIYALEMTS. Ml 

The following are the data ob which the above Table is founded: 

I, 2, 3. The specific gravities of oxygen and hydrogen gases 
are taken on the authoriiy of Biot and A;*ago; and their propor- 
tbns in water at 88.386 to 11.714, which numbers are in the ratio 
of 10 to 1.327. 

4, 3. The specific gravities of oxygen and carbonic acid gases 
^rt 1.1036 to 1.5196 , or as 20 (—2 oxygen) to 27.54 ; and deduct- 
ing the oxygen, we obtain 7.54 tor the equivalent of carbon. 

6. The equivalent of Kulphur is inferred trom Berzelius's analysis 
of galena, which makes the lead bear to the sulphur the proportion 
of 86,64 to 13.36, or of 129.5 to 20. 

7. From the analysis of sulphate of barytes by Claproth, the sul- 
phuric acid is to the bary tes as 34 to 66, or as 50 to 97. Deducting 
SO of oxygen, we again obtain 20 for the equivalent of sulphur. 

8. 9. In phosphate of lead, according to Berzelius, the litharge 
is to the acid as 380.56 to 100^ or as 139.5 to 37.4 ; and deducting 
from this last number 20 oxygen, we have 17.4 for the equivalent 
of phosphorus. The same number is deducible, also, from Rose's 
experiments on phosphoric acid. 

10. To obtain the equivalent of azote, ammonia is assumed to 
consist o( I volume of azote, and 3 of hydrogen. And as the spe- 
cific gravity of hydrogen was found by Biot and Arago lobe to that 
of azote as .07321 to .96913, these numbers will be in the propor- 
tion of 1.327 to 17.54; and 1.327X311:3.98 added to 17.54, the 
equivalent of azote, gives 21.52 for the equivalent of ammonia. 

II. The equivalent of nitric acid is deduced from Richter's anal^ 
sis of nitrate of potash,* which makes the potash to the acid at 
46.7 to 55.3, or as 59.1 to 67.45 ; from which if we subtract one por- 
tion of azote 17.54, thei^ remain 49.91, so nearly 5 portions of oxy- 
gen, that we may assume 17.54 + 50, or 67:54, to be perfectly cor- 
rect. 

12. By dissolving 63 parts of carbonate of lime in muriatic acid| 
and evaporating to perfect dryness, we obtain 69.56 of muriate of 
lime; and deducting the weight of the lime, 35.46, we learn, by 
means of the difference 34.1, the equivalent of dry muriatic acid. 
Or, if we choose to consider the dry salt as a compound of calcium 
and chlorine, we must transfer the weight of 10 oxygen to the mu- 
riatic acid, making 44. 1 of oxymuriatic acid combined with 36.46 
calcium. 

15. In oxalate of lead, according to Be rzelius, 296.6 of litharge 
. «re united with 100 oxalic acid, which arc in the proportion of 139.5 
to 47 oxalic acid. A result almost exactly the same was obtained 
by Dr. Wollaston from the analysis of binoxalate of potash. 

17, 18. The equivalent of soda is inferred from the aoalysis of 
common salt, in which the muriatic acid is to the soda as 100 to 
1 14.78, or as 34. 1 to 39. 1 . The equivalent of sodium is obuined by 
deducting 10 of oxygen, and is 29.1. 

19, 20. In muriate of potash, the acid is to the alkali as 100 to 

* 3 M^m. d'Arcueil, 59. 



in ATPEKDni. 

I73.4r,oi-Rs 3-1.1 lo 59.1, from which last number, if we deduct 10 
the equivalent of oxygen, we obtain 49.1 for the equivalent of po- 
tassium. 

31. The equivalent of magnesia is inferred from the composition 
of the sulphate, viz. 67 acid to 33 base; for as 67 lo 33, ao is 5t 
to 34.6. 

23. Theequivalent of lime is deduced from the carbonate of lime, 
in which the acid is to the earth as 43 7 lo SS. 3. or as 37.54 to 35-46; 
from which last number, deducting 10 oxj'gen, we have 25.46 for 
the equivalent of calcium. 

34. In sulphate of strontites, the acid b lo the earth as 43 to 5S, 
or as 50 to 69. 

25. In sulphate of barytes 34 acid are united with 66 earth, which 
is in the proportion of 50 to 97. 

36. In black oxideofiron.the oxygen is to the metal as 22,5 is 
77.5. or as 10 to 345, to which, adding 10 oxygen, we have 44.5 far 
the equivalent of the oxide of iron. 

2T. Black oside of copper contains 30 oxygen to 100 metal, 
which ^ives SO for the equivalent of oxide of copper, and 40 for 
that of the metal 

35. [n oxide of zinc, theoxyi^enisto the metal as 24.4 Uo 100, or 
Bs 10 to 41, to which last number, adding 10 oxygen, we have 51 
for the equivalent of oxide of zinc. 

39, In red oxide of ■mercury, the oxygen is to the metal as 8 to 
100, or as 10 to 135. But as other statemems dilfer a little from 
this, 135. S may be taken as a mean; and adding 10 oxygen, 135. S 
will denote the red oxide. 

3U In carbonate of lead, the acid is to the oxide as 16.5 to 83.5, 
or as 37.54 to 139.5, the equivalent of litharge ; from which, deduct- 
ing 10 oxygen, we have 129.5 for the equivalent of lead. 

31. In muriate of silver, the acid is to the oxide of silver as 19.03 
to 80.95, oras 34.1 to 145, the equivalent of the oxide, from which, 
ifwetake lOosygen, we have 135 the equivalent of silver. Ifw« 
consider horn silver as a compound of 24.5 chlorine and 75 5 silver, 
the equivalent of silver will be 136 j for 34.5 : 75.5 : :44.1 : 136. 

32. The sui.'carbonate of ammonia consists of acid and alkali, ac- 
cording to Guy Lussac, in the proporiion ol 56.03 to 43.98, or of 
27.54 to 3 1 .6, which, therefore, again proves to be the equivalent of 
ammonia. The t»o last numbers added together, give 49 for the 
equivalent of the subcarbonate. 

33. In suhcarbonate of soda, the acid is to the alkali as 41.34 t* 
58.76, or as 37.54 to 39.1 ; and the two last numbers, added together, 
cxpr'-ss rhe equivideots of ihi- a ul) carbonate. 

35. The proportion of the elements of carbonate of lime is 43,7 
acid to 56,3 base, or 37 54 to 35.46 ; and consequently carbonate of 
lime mubt be represented by those two numbers added together, 
viz. 63. 

36. In carbonate of barytes, the acid is to the earth as 100 tv 
352,57, or iis 37 54 tr> 97, which two numbers, added together, 134.5B, 
express the equivalent ot carbQwaW ot ^jacyUi. 



TABLX OF CHXlClCAt. BqUIYALBVTS. 493 

3T. The equivalent of carbonate of lead is obtained by adding to- 
gether those of oxide of lead and of carbonic acid, (see 30.) 

38, 39. For the determination of the equiyaient of sulphuric acid 
see No. 7. 

The remaining numbers, expressing the equivalents of compound 
bodies, are obtained by addin^together the equivalents of their 
components. Thus the equivalent of muriate of putash 93.2 is ob- 
tained by adding together the equivalents of muriatic acid 34.1 and 
of potash 59.1. * 

No. IV.— 7a^ qf IncomfiatikU SalU.* 

SALTS* INCOMPATIBLB WITH 

1. Fixed alkaline sul-X Nitrates of lime and magnesiat 
phates ..... ^ Muriates of lime and magnesia. 

f Alkalies, 

2. Sulphate of lime - -< Carbonate of magnesia, 

I Muriate of barytes. 
I Alkalies, 

3 Alum - - -J M^**^^® ^^ barytes, 

.--..< jji^^^g^ muriate, carbonate of lime, 

[^Carbonate of magnesia. 
Alkalies, 

4. Sulphate of magnesia •{ Muriate of barytes, 

Nitrate and muriate o£ lime. 
Alkalies, 

5. Sulphate of iron - -•{ Muriate of barytes, 

Carth]|r carbonates. 
Sulphates, 

6. Muriate of barytes <{ Alkaline carbonates. 

Earthy carbonates. 
Sulphates, except of lime, 

7. Muriate of lime - ->{ Alludine carbonates, 

Carbonate of magnesia. 

o ibr • ^ r ^ ^ Alkaline carbonates, 

8. Muriate of magnesia J ^^^^^^ sulphates. 

r AlUjne carbonates, 

9. Nitrate of lime - -< CdHkates of magnesia and alumine, 

I Suramtes, except of lime. 



* That isy salts which cannot exist together in solution, without mutual de- 
composition. This incompatibility, however, it is to be understood^ easts only 
in solutions of a certain dennty. 



W jaKumit, 
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No. V. — Taitfc/l/ie QuaniUy of QilnJ rilriu/ (sp. gr. ].S43S,).^^^| 


q/" Dt]) &uil!huTlc Agid, in 1 UO /'om», fij/ Was' 


of diluted -^cilt^^^ 


iiifferent Dcmitiet. By Dr. U«e. 


132.) 




^1 


k 


(Journal of Science, &c. iv 




3 


■ 


P 


w-.- 


SP.GC. 


Un-. 


LkiuW 


Sj. Gr. Dfy. 


Uqoid. 


sp.at. 


imA 


■ 


1{JU 


1.8485 


8 1.54 


66 


1.3303 33.82 


3-2 


1.2334 


36.09 . 






.8475 


80.73 


65 


1.3390 33.0U 


31 


I.326' 


25 38 








i.846. 


79.9U 


64 


1.3S80 52 18 


30 


1.3181 


24.46 








1.t<439 


79.(i9 


63 


1.5170 51,^7 


2y 


1.3108 


33.63 








I.341U 


78.2a 


6i 


1.5<^66 S'JSS 


28 


1.2033 


i-i.%3 








I.a3?6 


77.46 


61 


l.4960|4'J74 


27 


I.l9i6 


23.01 








I.H336 


76.55 


60 


i.4860; 48,92 


26 


1.1876 


91,30 








1.8290 


73.83 


59 


1.476( 


4tt.ll 


^5 


1.1793 


30.38 








1.8233 


7i.02 


38 


1.4660 


47 29 


2* 


1.170t. 


19.57 








I.817H 


71.3U 


57 


1.4550 


46.48 


25 


1.1626 


18.75 








1.8115 


73.39 


36 


1 4460 


4566 


22 


1.1349 


17.94 








1 8I'43 


72,57 


55 


1.4360 


44.85 


21 


1.1480 


17.12 








1.7962 


71.75 


54 


1.4265 


44.^13 


20 


1.1411 


16.31 








1 .787'. 


70.94 


33 


1.4170 


43.32 


19 


1.1330 


15.49 








1.7774 


70.12 


32 


1.4073 


43 40 


18 


1.1246 


U.68 








1.7573 


69.31 


SI 


1,3977 


41 3S 


17 


1.1165 


13.86 








1.7570 


68.49 


SO 


1.3334 


40.77 


16 


1.1090 


13.03 








1.7*65 


67.Gfl 


49 


1.3788 


39.95 


15 


1.1019 


U.33 








1.7360 


66.66 


48 


1.3697 


39.14 


14 


1.0953 


11 41 




H. 




1.7245 


66,05 


47 


1.3612 


38.33 


IS 


1.0887 


10.60 




■ 




1.7130 


65.23 


46 


1.3530 


37.5 i 


12 


1 0809 


9.78 


^^^1 


■ 




1.6993 


64.43 


45 


1.3440 


36.69 


11 


1.0743 


8.97 


^^^1 


■ 




J.6S70 


63.60 


44 


I.3J45 


33.88 


10 


1.0683 


8 13 


l^^l 






1 .6751) 


62.78 


43 


1.3253 


35,Ofi 


9 


I.O'.'U 


7 34 








1 .6630 


61.97 


42 


1,3163 


34.33 


8 


1.0544 


6.52 








l.(iS20 


61.13 


41 


1.3080 


33.43 


7 


1.0477 


3.71 








1.6415 


6U.34 


40 


1.2999 


32,61 


6 


1.0403 


4.89 


^^^ 






1.6321 


59.52 


39 


I.391J 


31.80 


5 


I.OJ36 


4.08 


^^^1 






1 6204 


5871 


38- 


1. SUB 30.98 


4 


1.0268 


3,26 


^^^1 






1.6<-'-i0 


37.89 


37 


I.374T 


30.17 


3 


1.0306 


2,446 


I^^H 






1.5975 


37,08 


36 


1.3(554 


^9,35 


2 


1.014,0 


1,63 








1.5868 


36.26 


35 


1 2572 


2B34 


1 


1.0074 


0.8 154 






68 


1.5 760 


33.45 


34 


1.24yr 


27,72 










^^ 


67 


1.5648154.63 


33 


1.2409 


36,91 


















■ 


■"- 5 

•4 


^M 


1 


1 


^ 






■ 




1 


1 
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No. VI.— TlaA/tf showing the Profiouion of real or dry JSTiiric Acid^ 
in loo Parts of the liquid Acid^ at successive , Sfiecific Gravities. 
By Dr. Ure. 

(Journal of Science, iv« 297.) 



Specific 


Acid in 


Specific 


Acid in 


Specific 


Acid in v 
100. 


gravity. 


100. 


gravity. 


100. 


gravity. 


1.5000 


79.700 


1 3783 


52.602 


1.1833 


25.504 


1.4980 


78.903 


1.3732 


51.805 


1.1770 


24.707 


1.4960 


78.106 


1.3681 


5 1 .068 


1.1709 


23.910 


1.4940 


77.309 


1.3630 


50.211 


1.1648 


23.113 


1.4910 


76.512 


1.3579 


4d.4l4 


1.1587 


22.316 


1.4880 


75.715 


1.3529 


48.617 


1.1526 


21.519 


1.4850 


74.918 


1.3477 


47.820 


1.1465 


20.722 


1.4820 


74.131 


1.3427 


47.023 


1.1403 


19.925 


1.4790 


73.324 


1.3376 


J.6.226 


1.1345 


19.136 


1.4760 


72.527 


1.9323 


^5.439 


1.1286 


18.331 


1.4730 


71.730 


1.3270 


44.632 


1.1327 


17.534 


1 .4700 


70.933 


1.3216 


43.835 


1.1168 


16.737 


1.4670 


70.136 


1.3163 


43.038 


1.1109 


15.940 


1.4640 


69.339 


1.3110 


42.241 


1.1051 


15.143 


1.4600 


68.542 


1 .3056 


41.444 


1.0993 


14.346 


1.4570 


67.745 


1.3001 


40.647 


1.0935 


13^49 


1.4530 


66.948 


1.2947 


39.850 


1.0878 


12.752 


^ 1.4500 


66.155 


1.3887 


39.053 


1.0821 


11.955 


1.4460 


65.354 


1.2826 


38.256 


1.0764 


11.158 


1 .4424 


64.557 


1.2765 


37.459 


1.0708 


10.361 


14385 


63.760 


1.2705 


36.653 


1 .065 1 


9.564 


1.4346 


62 963 


1 .2644 


35.865 


1.0595 


8.767 


14306 


62.166 


1.2383 


35.068 


1.0540 


7.970 


1 .4269 


61.369 


1.2523 


34.271 


1 .0485 


7.173 


1.4228 


60.572 


1.2462 


33.474 


1 0430 


6.S76 


1.4189 


59.775 


1.2402 


32.677 


10375 


5.579 


1.4147 


58.978 


1.2341 


31.880 


1.0320 


4.782 


, 1.4107 


58. 181 


1.2377 


3 1 .083 


1.0367 


3.985 


1.4065 


57 384 


1.3312 


30.286 


1.0312 


3.188 


1.4023 


56.587 


1.3148 


29.489 


1.0159 


3.391 


1.3978 


55.790 


1.3084 


28.692 


1.0106 


1.594 


1.3945 


54.993 


1.2019 


27.895 


1 .0053 


0.797 


1.3882 


54.196 


1.1958 


27.098 






1.3833 


53.399 


1.1895 


26.301 







iNo. Vir — Table ofihf Qumli 
100 Part* of the liquid Acid, a 



of Teal or dry AlariaHc -/tai 



CThaiQBOn's Annils of Phitosophj, x. 371.) 



iSpecilic 


Acid in 


Specific 


Acid in 


Specific 


Acid in 


P--W.J. 


100. 


gravity. 


100. 


gravity. 


160. 


l.l<.<30 


2».,5U 


1.127J 


18 68 


I.U610 


9.1,5 


1.I90U 


28 03 


1.1253 


18.39 


1.0590 


8.77 


i.iedi 


27,73 


1.12.13 


M.I 1 


1.057 1 


8.49 


I.18t)3 


if .45 


1,1-214 


17.83 


1,0552 


8.31 


I.I84S 


27.17 


1.1194 


17,55 


1.0533 


7.93 


M8i7 


26,88 


I.II73 


17.35 


1.0514 


764 


1.181)8 


36.60 


1.1155 


15.98 


1 04^5 


r.36 


1.1790 


26.32 


1.1134 


16,70 


1.0477 


7.07 


1.1773 


26.04 


l.lilS 


16.41 


1.04S7 


6.79 


1.1753 


3S.75 


1.1097 * 


16-13 


1.0438 


6.51 


1. 1735 


25.47 


1 1077 


13.85 


1.0418 


6.23 


I.I71S 


2i.l9 


I.1U38 


15.56 


1.0399 


5.94 


I.IGt'B 


34.90 


l,l(J37 


15.38 


1.03 BO 


5.65 


1.1679 


34.62 


1.1018 


13.00 


1,0361 


S.38 


1.1661 


34.34 


I.Oy99 


14.72 


1.0342 


S.09 


1.1 64S 


2*.05 


i.oyau 


14.43 


1,0334 


4.81 


1.1624 


23.77 


1.0960 


14.15 


1,0304 


4.53 


1.I60S 


23.19 


1,0941 


13,87 


1.0285 


4.24 


i.H87 


33,20 


1,0922 


I3.i8 


1.0366 


3.96 


1.1558 


22.93 


l.09.>3 


13.30 


1.0247 


3.6a 


1.1550 


32.64, 


l.08»3 


13.03 


1.0228 


3.39 


1.1531 


23 36 


l.U8i;3 


13.73 


1.0209 


3.11 


I ISIO 


23.07 


L.0844 


13.45 


1.0190 


2.83 


1 1491 


31.79 


1 ■■ .82.1 


13.17 


1.0171 


2-55 


1.1471 


21.51 


1 .)8:i5 


11.88 


1.0152 


3.2 . 


1.1453 


31.33 


I.U785 


11.50 


1.0133 


1,99 


1.1431 


ao.')4 


1.07^.5 


11.33 


1.0114 


1.70 


1.1410 


20.66 


1,0746 


11.04 


1.0095 


I 41 


1.1391 


30.37 


1 )737 


10.75 


1 .0076 


1.13 


1 1371 


20,09 


1.0707 


10,47 


1.0O56 


o.es 


1.13.^1 


19,81 


I.068B 


10,19 


I 0037 


0.36 


1.1332 


19.53 


1.0659 


9 90 


1.0019 


0.38 


1 1312 


19.24 


1 ,0649 


9.63 


1.0000 


0.00 


1.1293 


18.96 


1.0629 


9.31 







I 



« 
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PRECIPITATES FROU MltALLIO SOLUTIONS. 
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No. VIII.— Co/o«r of the PrecefiUatcM thrown dov>nfrom Metallic 

Solutiona, by various Re-agents, 



MeUls. 


Prussiated 
Alkalies. 

• 


Tincture of 
GalU. 


Water im- 
pregnated 
withSul- 
rphureted 
Hydrogen. 


Hydro. 
Sulphurets 


Gold 


Yellowish - 
white 


Solution turn- 
ed green. 

Precipiute 
brown of re- 
duced gold 


Yellow 


Yellow 


Platinum 

1 


No precip.; 
but an 
orange co- 
loured one 
by pruss. 
of mercury 


Dark green 
becoming 
paler 

■ 


Precipi- 
tated in a 
metalltt 
state 


^ 


SiWer 


■ 

White 


Yellowish 
brown 


Blck 


Black 


Mercury 


White 
changing to 
yellow 


Orange yel- 
low. 


Black 


Brownish 
black 


Palladium 


Olive*. 
Deep 
orangef. 




Dark 

brown 


Dark 
brown 


Riiodium 


No precip 




Noprecip 


Iridium 


No precipi- 
tate. Colour 
discharged 


No precipi- 
tate. Co- 
lour of so- 
lutions dis- 
charged 




" 


Osmium 




Purple, 
changing to 
deep viyid . 
blue 







• Chevenix. 



f Wollaston. 



■ 


W - Avnuititc ■ 1 

Colour of Prcdliitales froia Mclallic Soliilium, tJc— . 
CuntinuciL 


1 


1 


iUlals. 


Frossiated 
Alkalies. 


Tincture of 
Galls. 


Water im- 
pregnated 
with Sul- 
phureled 
Hj-drogen. 


lljUro. 

Sulphurcl 




Copper 


Bi-iglii red 
dish brown 


Brownish 


Black 


Black, 


1 


ri. Green sails 
tron - 

(.a. Red salts 


White, 
changing to 

blue. 
Deep blue 


No preci- 
pitate. 
Black. 


Noi pre- 
cipiiated 


Black' 


1 


Nickel 


Green 


Grayish 

»hiie 


Not pre- 
cipitated 


Black 






Tin 


While 


No precip 


Brown 


Black 


Lead 


While 


While 


Black 


Black 


Zinc 


White 


No precip 


Yellow 


White 


Bismuth 


While 


Oranije 


Black 


Bkck 


Antimony 


White 


A white 
oxide 
merely 

from di- 
lution 


Orange 


Orange 


Tellurium 


No precip. 


Yedo* 




Bluckish 


Arsenic 


White 


Link 
change 


Yellow 


Yellow 


Cobalt 


lirownish 
Yellow 


Yellowish 
white 


Not pre- 
cipitatiil 


Black 


Manganese 


Yellowish 

white 


N« preci- 
pitate 


Not pro 

cipiiaterl 


Wl.iie 


I 


'hi-ome 


Green 


BVUNNU 




Green 


m 


h J 


i 



tvUKCIPUTATES l^HOH VBf ALX.IC SOLUlTIOKB. 
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^ Colour of PrecifiUates from Metallic Solutions^ ^ct— ^ 

Continued. 



Metals. 


Prussiated 
Alkalies. 


Tincture of 
Galls. 

• 


Water im- 
pregnated 
with Sul- 
phureted 
Hydrogen. 


■ 

Hydpo- 
Sulphurets. 


Molybdena 


Brown 


Deep 
brown 


Brown 


1 


1 
Uranium 


Brownish 
red 


Chocolate 




Brownish 
yellow 


Tungsten 








1 

1 


Titanium 


Grass green 

with a tinge 

of brown 


Reddish . 
browii 


Not pre- 
cipitated 


Cmss 
green 


Columbium 


Olive 


Orange 




Chocolate 


Tantalium 










Cerium 


• 


Yellowish 




Brown 
becoming 
deepgreeb 



Vol. H. 



51 



I 

I' 



Nu. W.— Table of Sin-t-le jlffinily.' 



» 



„x,o.,. 


OXVGES.t 


»rrR0OB«. 


Arsenic [ 
Molybdena 


Carlion 


Titanium 


Oxygen 




Chircoal 


Mangsncse 


Sulphur? 




Marijanese 


Zinc 


Phosphorus 






Iron 


Hydrogen 


FOTASH) SODA) 


Iron 


Tin 






Tin 
Antimony 


Uranium 
Molybdena 








S 


Hydi-ogen 


Tungsten 


HYDKOGEN. 


Sulphurio ^H 


Phosphorus 


Cobalt 




Nitric ^ 


Sutphur 


Antimony 


Oxygen 


Muriatic P 


Arsenic 


Nickel 


Sulphur 


Phosphoric 


Nitrogen 


Arsenic 


Carbon 


Fluoric L 


Nickel 


Chrome 


Phosphorus 


Oxalic ^ 


Coltalt 


Bi&muth 


Nitrogen 


Tartaiic ^H 


Copper 
Bis'iimh 


Lead 
Copper 




Arsenic ^^| 
Succinic ^H 




Caloric 


Tellurium 




Citric -^1 


Mercuiy 


Platinum 


FUOSFHOKliS? 


Lactic f 


Silver 


Mercury 




Benzoic 1 


Arsenous Acid 


Silver 


Potash 


Sulphurous i 


Nitric oxide 


Gold 


Soda 


Acetic ^H 


Gold 




Iron 


Mucie ■ 


Plaiinum 

Cartionic oxide 






Borate H 
Niirous ■ 




Tin 


Muriatic acid 


CARBON. 


Lead 


Carbonic ^H 


White oxide of 




Silver 


Prusstc ^1 


manganese 


Oxygon 


Bismuth 


Oil H 


While oxide ol 


Iron 


Antimony 


Water H 


lead - 


Hydrogen 


Mercury 


Sulphur V 



• This t»ble, it may be recessary lo obserTc, does not ejqiress ic 
n/ioratfiir (ijiFTUlira of bodies, but denotes merely tlic actual vrdtr efilt 

noil, wliicli, 99 nerlbollet hiui tllnwn, mny often be contrary to tt ' " 

owing lolbe influence of various ewraneous forces. 

f Vauquelin'a table of the kffinily of llie metals foe oxygen, act 

tlimculty with which (licir oxides are decompoaed by beat. 
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431 



Table of Shnfile Affinity^ — Continued. " 



BARTTE8. 

Acida, 

Sulphuric 

Oxalic 

Succinic 

Fluoric 

Phosphoric 

Mucic 

Nitric 

Muriatic 

Suberic 

Citric 

Tartaric 

Arsenic 

Lactic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 
Sulphur 
Phosphorus 
Water 
Fixed oils 



strontites 

Acids. 
Sulphuric 
Phosphoric 
Oxalic 
Tartaric 
Fluoric 
Nitric 



. 



Acids, 
Muriatic 
Succinic 
Acetic 
Arsenic 
Boracic 
Carbonic 

Water • 



LIME. 

Acids, 
Oxalic 
Sulphuric 
Tartaric 
Succinic 
Phosphoric 
Mucic 
Nitric 
Muriatic 
Suberic 
Fluoric 
Arsenic 
Lactic 
Citric 
Malic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 

Sulphur 

Phosphorus 

Water 

Fixed oil 



MAON£SIA. 

Acids, 

Oxalic 

Phosphoric 

Sulphuric 

Fluoric 

Arsenic 

Mucic 

Succinic 

Nitric 

Muriatic 

Tartaric 

Citric 

Maiic? 

Lactic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 
Sulphur 



ALUMINE* 

Acids, 
Suiphuric 
Nitric 
Muriatic 
O Italic 
Arsenic 
Fluoric 
TriTtaric 
Succinic 
Mucic 



Acids, 

Citric 

Phosphoric 

Lactic 

Benzoic 
• Acetic 

Boracic 
' Sulphurous 

Nitrous 

Carbonic 

Prussic 



StLEX.- 

Fluorjc ar.iH 
Potash 






ox. OF PLATI- 
NUM. 
GOLD.* 

Gallic acid 

Muriatic 

Nitric 

Sulphuric 

Arsenic 

Fluoric 

Tartaric 

Phosphoric 

Oxalic 

Citric 

Acetic 

Succinic 

Prussic 

Carbonic 

Ammonia 



• Omitting the oxalic, citric, tac^sh^ caAonic, and adding sulphurctcd 
bydrogen after ammoiua. ' . '. 



^iilk 



Table nf Sinijite Jlffinity, — Conlinxird. 



OXIDE or SIL- 


Fluoric 


Oxalic 


Wiicr 




Acei.c 


Tartaric 






Benzoic 

Boracic 


Muriatic 




Gallic acid 


Sulphuric 




Marialic 


Pi'usaic 


Mucic 


OXIDE OF IROK. 


Osaljc 


Carbonic 


Nitric 




Sulphuric 




Arsenic 


G-ilic 


Mucic 






Oxalic 




Phosphoric 




Succinic 


raritti-ie 


Sulphurous 


aXIDE OF LEAD 


Fluoric 


Camphai'ic L 


Niiric 




Citric ■ 


Sulphuric - 


Arsenic 


Gallic 


U.CUC 


Mucic J 


Fluont 


Sulphuric 


Acetic 


Miirialic 2 


Tartaric 


Mucic 


Boracic 


Nliric , _5 


Citric 


C>Kr.lic 


Ptussic 


Phosphoric J 


Lactic 


Areenic 


Carbonic 


Arsenic ., 


Succitiic 


Tavuric 


Fixed alkalies 


Fluoric ^ 


Acetic 


Phosplioric 


Ammonia 


Succinic 


Prussic 


Mui-iaiic 


Fixed (rils 


Ciiric . 


C.Tbwnit 


Sulphurous 




Lactic 


Aoimonia 


Suberic 




Acetic 




Siilric 




Boracic , 
Prussic 










Citric 


SB NIC. 


Carbonic * 


axiDK oy MER- 


Malic 






CURY. 


Succinic 


Gallic 






L-ctic 


Muriatic 




flallic acid 


•\ceiic 


Oxalic 




Muriaiic 


Bentoic 


Sulphuric 




Oxalic 


Boracic 


Nitric 


Gillic ' 


Succinic 


Piussic 


Tartaric 


Muriauc 


Arsenic 


:;arbonic 


Phosphoric 


Sulphuric ' 


P'-o pi,oric 


Fixed oiU 


Fluoric 


Oxalic 


bii |ihui-ic 


Ammonia 


Succinic 


Tartaric 


Muric 
riirtaric 




Citric 
Acetic 


Arsenic 
Phosphoric ' 








Prussic 


Nitric 


Malic 


PEB. 


Fixed alkalies 


Succinic 


i.iipi^urous 




Ammonia 


Fluoric 


Niiric 


Gdlic 


Fixed oils 


Mucic 



• Bergman places th. tarUuic before ihe n 
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Table of Simfile Affinity^ — Continued. 



Citric 


Benzoic 


SULPHUROUS 


PHOSPHOROUS 


Lactic 


Oxalic 


ACID. 


ACID. 


Acetic 


Sulphuric 


SUCCINICf. 




Boracic * 


Nitric 




Lime 


Prussic 


Tartaric . 


Barytes 


Barytes 


Ammonia 


Mucic 


Lime 


Strontites 


s 


Phosphoric 
Citric. 


Potash 
Soda 


Potash 
Soda 




OXIDE OF ZINC. 


Succinic 


S.rontiles 


Ammonia 




Fluoric 


Magnesia 


Glucine 


Gallic 


Arsenic 


Ammonia 


Alumine 


Oxalic 


Lactic 


Glucine 


Zircon 


Sulphunc 


Acetic 


Alumine 


Metallic oxides 


Muriatic 
Mucic 


Boracic 
Prussic 


Zircon 
Metallic oxides 


• 




Nitric 


Fixed alkalies 




NITRIC ACID. 


Tartaric 


Ammonia 




MURIATIC 5. 


Phosphoric 

Citric 

Succinic 

Fluoric 

Arsenic 






1/ 

Barytes 
Potash 
Soda 
Strontites 


PHOSPHORIC 
ACID. 


SULPHURIC 
ACID. 


Lactic 
Acetic 


" PRUSSIC*. 


CARBONIC^. 


Lmie 
Magnesia 


Boracic 


Barytes 


Barytes - 


Ammonia 

Glucine 

% 1 • 


Prussic 


Strontites 


Strontites 


Carbonic 


Potash 


Lime 


Aiumme 


Fixed alkalies 
Ammonia 


Soda 
Lime 


Poush 
Soda 


Zircon 
Metallic oxides 




Magnesia 

Ammonia 

Glucine 

Yttria 

Alumine 


Ammonia 

Magnesia 

Glucine 

Alumine 

Zircon 




OXIDE OF AN- 
TIMONY. 


FLUORIC ACID. 

BORACIC--I II 

ARSENIC 1 


Gallic 


Zircon 


Metallic oxides 


TUNGSTIC 


Muriatic 


Metallic oxides 


Silex 


Lime 



• With the omission of all after ammonia. 

f Ammonia should come before magnesia ; and strontites, glucine, and zir- 
con should be omitted. 

t Maenesia should stand above ammonia, and alumine and silica should be 
omitted. 

§ Ammonia should stand above magnesia. 
.| Silex should be omitted, and instead of it, water and alcohol be inserted. 

% Except silei^. 



I 



Baryiea 


ZircoD 


Soda 


Magnesia 


S^rontites 




Ammonia 


Oxide of mer- 


Magiiesia 




Barytes 


cury 
Other metallic 




Potash 




Lime 


Soda 


OKALIC ACID. 


Magnesia 


oxides 


Ammonia 




Alumine 


Alumine 


Cilucine 
Alumioe 

Z.rton 






• 




Lime 




ALCOHOL. 


Silex 


Barytc^ 


CAMPHOBtC 






StrontiteH 




Water 




MagncBii 




Ether 






Potash 


Lime 


Volatile c^ 


ACETIC ACID. 


Soda 


Potash 


AHtaline sul- 


LACTlt 


Ammonia 


Soda 


phtirots 


SUflERIC-. 


Alumine 
M.ullic oxides 


Barytes 
AmmoaU 






Barj-tcs 


Water 


AIuminD 


SDLPHURETED 


Poiash 


Alcohol 


Magnesia 


HYDROOEN. 


Soda 

St 10 utiles 










Barytes 




L..iit^ 






Potash 


Ammcinia 


BENZOIC ACID. 




Soda 


M.^-nusia 




Lime 


Lime 


Mm lie oxides 


Whito oxide of 


Barytes 
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I HAVE thought it proper to annex a short account of some disco- 
veries, which have been published in the different philosophical' 
journals, while this work was passing through the press. 

Cadmium. A new metal, to which this name has been giveU) 
Yf2is discovered by M. Stromeyer, in the autumn of 1817. Hith- 
erto, it has been found only in the oxide of zinc» prepared for me- 
dicinal use, from an ore of zinc that came from Silesia. The pro- 
f:ess, by which it was separated, has not been published ; l>ut the', 
following are described as its most remarkable properties*. 

Cadmium resembles tin in its colour, lustre, softness, ductility, 
and in the sound which it emits when doubled. Its specific gra- 
vity is 8.6350. It melts, ^nd volatillizes, at a temperature a few 
degrees below that required by tin. It is not tarnished by the air ; 
but, when heated, is converted into an orange coloured oxide, which 
is not volatile, and is easily reducible. 

Oxide of cadmium does not tinge borax when fused with it. It 
readily dissolves in acids, and forms with them soluble salts, from 
which it is precipitated white by alkalies, and yellow, like arsvnici 
by sulphureted hydrogen. From these solutions, zinc throws it 
down in a metallic state. 

SiRtUM. Of this supposed new metal, it is unnecessary to say 
more, than that it has been proved to be merely a compound of suN 
phtnr, iron, nickel, and arsenicf* 

Malio and Sokbic Acids. By a careful investigation of the 
maUc acid, M. Braconnot has been led to the conclusion, that it is 
essentially the same with the sorbic^ and that, when divested of M 
impurities, it exhibits the same properties, and forms exactly the 
same compounds ; a conclusion supported also, by the experiments 
of Houton Labillardi^re^. By a process somewhat complicated, the 
former succeeded in detaching the pure acid of the juice of house- 
leek {semfiervirvum tectorum^ L :) from a substance with which it 
is associated, holding apparently a middle place between gum and 
sugar, and so modifying the properties of the acid, as to have led to 
erroneous views of its nature. In the juices of other vegetables^ 
it is probable that the impurities mixed with it will be found of a 
different kind. 

* Ann. de Chim. et Phys. viii. 100 ; or Journal of Sciencey vi. 111. 

t Thomson's Annals, xil. 312. Faraday, in Jounwl t£ ScaWH"" •> U3. 

* Ann. de Chim. et Phys. viii. 149, 214. . "-* 
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The Uemiiy of ilie two acids liavitip; [lius been ^eniicrcd 'I 
questionable, it appears reasonable (o diatinguish their comifl 
ingrcdieiii, by the nami: originally applied to it by iu discover^" 
Sciieele, and to disr.nniinuc the app'iilatinn of sorbic acid ; since 
the latter iis noihing more than the mdlie deprived of impurities. 

The Rhbumic Acid, (rol.ii. p. 330,) has been lately shown by M. 
Lassaigne to t>e merely the oxalic, distrgured by certain impuriiies*. 
PunrCBic Acid. This acid Las been obtained, also, (but appa- 
rently of less purity than by Dr. Pn^ut.) by Bru);natelli, Juniorf. 
He has proposed to call it eryihric acid (from ifvifai>tit,io redden,) 
and its compounds eri/i/iratrs. Thuae, who arc interested on the 
subject, will find Brugnaiclli's Memoir, at full length, in Uie Philo- 
sophical Magazine, for July, 18t». 

Nbw Alkali of VBGF,TABi.B Oiiigin. MM- Felkticr and 
Cttventou, in anidyaiuR nuar vomica, and the bear: of St. Sgnatiaa, 
have extracted a peculiar atibstancc, possessing alkaline proper- 
ties, to which the powerful action of those poisons on the anlmsil 
economy appears to be nwing^. 

The new substance is white, crystalline, and insufferably bitter. 
It uccurs in iguadrangalar platesror in prisma of four sides, termi- 
nated by a four-sided pyramid. It is slightly soluble in water, but 
readily so in alcohol. It restores the blue colour of reddened lii* 
mua paper, and, with the acids, forms neutral salts that arc soluble 
in water, and move or less easily cry stall izable. ffence in its che* 
mioal properties, it seems to present a considerable r<?seinblance to 
mor/ihium, but when taken into the stomach, it produces, in a more 
intense degree, the effects of the tincture of nu^ vomica. Froni the 
circumstance of M. Vauquclin's having observed an analogous sub- 
stance in the Dafihus jJltma, its discoverers have proposed for it 
the name of Vautjurlinc. 

Triple Prusbiate of Potash — Prijssic Acid— ano the New 
Gas obtained ht Dh, Thomsus. 

By distilling triple pruasiate of potash with rather more thaB 
twice its' weight of strong sulphuric acid, Dr. Thomson has ob- 
tained a siis, which, after being freed from aulphurous acid, evolved 
Hlong^wiih it, was found to possess new properties Its smell is 
I peculiar, and bears no resemblance to that of any other Ras : it is 
I'Jiermanent over water; has the specific gravity of 993, air being 
' ](iOO. When slowly burned from sn orifice it exhibits a deep blue 
flami:. By rapid combustion in a Volta's eudiometer, three volumes 
consume two of oxygen, and give three volumes of carbonic acid. 
It uppears to be constituted of 
3 volumes of carbonic oxide > . . . - , „ 

I 1 volume of hyilroKen ca> \ "»«"•«'' '"'° ' •»1"">"- 
I Ur. Thomsoji has proposed to call it hydroguretcd carbonic oxide. 
I The irifile fiTiissiate of floCaah has also been submitted toafresli 

• Ann. deChim. et Phja. viii, 402. 
I Ihul. 201 ; or Phil. Msg.fil, 30. 

* Anii.dc Chim. et Phys. viii, 3^3 -, ot Jwinal of Seienoe, vi. 149. 
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extmination both by Dr. ThomsoD, and by Mr. Porrett The fi)r- 
met describes it as crystallizing, when perfect, in plates with/fe- 
▼elied edges, usually about half an inch thick, and two or three 
inches in diameter ; the two faces of the bevelled edges being ia- 
ciined to each other at an angle of about 135^. Its colour i% a fine 
topaz yellow. When held between the eye and the light, it is trans- 
parent, and appears green. Its specific gravity is 1.833. It may 
be split into flexible plates, parallel to the bases of its pyramids. 
One hundred parts of water at 54® Fahrenheit dissolve 27.8 of the 
salt; at 100^, 65.ff parts; .at 150®, 87.6 parts ; and at 300®, 90.6« 
In alcohol it is hot soluble at all. 

According to Dr. Thomson, the salifying principle of this salt 
appears, from experiment, to be constituted of half an atom of me- 
tallic iron with one atom of prussic (hydro-cjranic) acid ; and the 
triple salt itself consists of 

^"^ i'Malter gasified by heat. Soig 5 ^^'^^ 

Potash 41.64 

Water 13. 



100.54 
Exhibiting a small excess of 0.54 in 100 of the salt*. 

Since, however, the proportion of iron, as deduced from the 
equivalent of the acid ingredient of the triple prussiate (66. 1 1, oxy- 
gen being 10,) ought to be one atom to one atom of hydro-cyanic 
acid, there appeared, with respect to the acid of the triple prussi- 
ate, to be a disagreement between the atomic theory and the re- 
sults of analysb. This disagreement Mr. Porrett has endea- 
voured to rectify by a fresh series of experimentsf. He detached 
the potash, from 50 grains of the triple salt, by 70 grains oi crys- 
tallized tartaric acid ; and obtained a quantity of bi-tartrate, denot- 
ing 17.9 grains of potash ; consequently 100 grains must contain 
35.8. The water being 13 grains, the acid in 100 grains must be 
51.2. This acid Mr. Porrett supposes to be a compound, not of 
prussic acid and iron, according to Dr. Thomson, but of the ele- 
ments of two atoms of prussic acid, an atom of azbtef, an atom of 
iron, or, in other words, it consists of 

4 atoms carbon . .30.16 
1 atom azote . . . 17.54 

1 atom iron . . . 34.50 

2 atoms hydrogen .2.64 

Its atom, therefore,, weighs . . . 84.84 

When it unites with potash, one atom of acid takes one atom of 
base (59. 10,) and two atoms of water (22.64,) which gives the com- 
position of Uie triple prussiate as follows : 

* Annab of PhiloBopby, xu. 110. f Ibid. zu. 214. 

Vol. II. 3 K 





Mr. Porreti analyzed the acid of thU salt, b^ disiilling the triple 
prusMaic ai Ur Ttiompaon had done, nith pcr-uKtde ol ctrpperi 
oiily usiti); t Urger proportion o( the oxide : and he found tbat llie 
resultiiiK cartioiitc acid and azote agreed, as nearly as could possibly 
beexpecicd) wiiti the propunions that ougfti in be produced accord - 
iirg 10 the theoretical view. Tliis acid, therefore, doEs not appear 
to present any exception lo the general principles of the atoiinic 
theory. As to its nomenclature, Mr. porreti is tIt^po«ed lo abide 
by that which lie formerly proposed ferrureUit chyazit acid;) be- 
cause, accordiaK to his view the acid does not consist of pmssTc 
acid and iron i hut of ,a pan of the elements of prussic acid in udiod 
Willi that metal. 

OiyuuRiATK (Chloride) 07 Lime. This compound has been 
CNamined by Welter,* who determines it to consist of hyiirate of 

tlime united with chlorine, in the following proportions, 
^gconsidend as 10: 
1 1 atom of chlorine - ^ - - - ■ 4-t.l 

2 atoros hydrate of limet 4G.78 x 2— 93.36 



37.66 






Seven parts of hydrate of lime, fully saturated »ith chlorine, 
in his cxpcrimentE. I0.S2 of oxymuriate of lime, which desti 
the colour of as muih solution of indigo, as ihe chlorine itself, cs(- 
cuUted to be present in the salt, would have destroyed. He con- 
siders ii> iheretbre, as a true compound of chlorine, and not of 
chloiic acid with hydrate of lime ; and if this view be correct, !ts 
proper appellation will be ehloride of hydrated lime. The prupor* 
tions in 100 parts may be calculated from the data of Welter as 
follows : 



Chlorine - 


- - 33.04 ■ 


Waver - - 


- - 23.6* 


Ume • - 


- - 70.93 



1 ri.tom=«.10 
I. or ■< 2 atoms ~ 23.64 
J (_2 atoms = 7 i.93 



When dissolved in water. Welter aj^rees with Mr. Dalton, til 

me atom of the hydrate of lime is separated, and that the sol^tS 

IcODtuns a compound oi one atom at hydrate of lime and 
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of chlorine. The^ differ, however, so' materially in the proportions 
of the salt (see vol. i. p. 401,) that its analysis is still deserving of 
further investigation. ' ^ 

New 'Combinations ot Oxygen with the known Agids. 

By treating the per-oxide of barium (vol. i. p. 253,) with acids, 
Thenard has succeeded in forming new combinations of those acids 
with OKygen.* The process consists simply in dissolving per-oxidd 
of barium (prepared by heating pure bai7tes in oxygen gas, and 
moistening the product with water sufficient to change it into a 
white powder,) in any acid intended to be oxygenated ; and them 
lidding a due proportion of sulphuric acid. This carries down the 
protoxide of barium, leaving the acid united with the oxygen which 
the per-oxide has abandoned. 

Oxy'Tiiiric acid is liquid, colourless, and resembles nitric acid in 
its chemical agencies. It is decomposed by being heated to the 
boiling temperature, and abandons its oxygen, of which, by proper 
management, it may be made to yield eleven times its volume. It 
unites with alkaline and earthy bases \ but the resulting salts are so 
easily decomposed, that they can scarcely be obtained in crystals. 
It acts on all those metals that are soluble ii\ common nitric acid, 
but has no power of dissolving gold. 

In oxy- nitric acid, the elements were determined by Thenard to 
be present, in the proportion of 100 volumes of nitrogen to 300 
oxygen ; and hence its atomic constitution is I atom of nitrogen to 
6 aoms of oxygen. It stands, therefore, at the head of the series 
given in vol. i. p. 381, 383, as the most highly oxygenated com-' 
Kound of nitrogen. 

The phosphoric, arsenic, and acetic acids, were oxygenated by a 
similar treatment, but not the sulphuric ; and contrary to what might 
have beeii expected, the muriatic acid was broutj^ht into combina- 
tion with oxygen, which, it might have been supposed, would have 
acted only on the hydrogen of that acid. Thenard was not able, 
however, to obtain oxymuriatic acid in a very concentrated state. 
Heat decomposed it into oxygen and muriatic acid, and its''' salts 
were also easily destructible- It was very acid, colourless, almost 
free from smell, and strongly reddened litmus. It dissolved zinc 
without effervescence, but had no action on gold With oxide of 
silver, it exhibited a brisk effervescence, owing lo the escape of 
oxygen gas. By means of the oxy-muriatic acid, its discoverer 
succeeded in oxygenating the fluoric acid, which was found to rer 
tain its oxygen at the temperature of ebullition. 

These facts are extremely curious and impoi tant, and open a wide 
field for new and interesting discoveries. It is remarkable, that 
the oxy-muriatic acid, really entitled to that name, should differ 
essentially in its properties from the body formerly so designated *, 

• Ann. de Chim. ^t ?hys. Vv\\. o^. 
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and that it should want tlie leading chai<acters of the latter, viz. its 
power of destroying; vegetable colDurSi and of acting on gold 

Amalyeis of Alum- This salt has lately been carefuily analyzed 
liy Mr. Ricbard Phillips, with the result that the potash exists in itv 
not in the state of a simple sulphate, but of bi-tulfihaie. The true 
composition of alum appears from ihcse experiments (not yet pub. 
lished) to be, taking 10 for the atom of oxygeni 

2 atoms sulphate of alumine 16i 

1 atom bi-9ulphate of potash 1S9.1 

33 atoms of water 3«.6 

573.7 
Hence 100 parts of alum consist of 

Alumine 11.181 fSulph. of alumine - 38. Gs 

Sulph.acid ... - 34.941 JSulph. of potash - - ]9.065r> 

Potash I0.33[°'^jsulph. acid . - - 8.735 

Wmer 43.55) IWaicr --.-■- 43.55 
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